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l-iN» t-wediste objective of this experinsnfc Is to study 
transfer of » j-dluK loss aeres* tne n«rv cell sumbrans 
during the ©eMiJhttfcion proses* with the vie* of correlating 
t'r-ls a^nitudc Qi trstaafvr »« a function ef the ionic or 
diffusion potential enl as s coe.pon*nt in the production 
of the satiou potential , utilising radioactive tracer 
t'ohniraes* 

t'cw year I7ud witnessed the first reeordvd experliMStt 
in pol'-ti-m to the phyale* of the nerv o: reduction process. 
l lgi uaivesii, a you;* praioaior of anato»,y a* the Wniver» 
ait. of -olegna, deront t rated t:s now classic cs-osri&ent 
of producing an excitatory response in a frog’s log when 
to-.fhsd by two dissimilar metals, at th ties* , and as so 
©It*» fc.*'. o-*» in t no annals of science, ttm discoverer had 
a -isw©*i*tpt ion *3 to the reason for th* H *n ••con he was 

U) 

observing. ulvuai attributed tne effect to "aniaml elec- 
tricity « Another .fcaliau, Alessandro Velta too^ i **ue 
with vis Irani’ a co r ©U a ion and in 1300 hoaed hat the es~ 

*• tl-1 p* »av *« « not tissue eepe out b**t a function 

of t's disalmilarlt of t.*e tee .aetwts aur'*emed« 1th the 
advent of the voltaic cell, clast ice., n alee arrived at 
on« of it* brightest a^d «o»t productive eras. M«eiltde« 
eoueiy, the stage was sot for the Ir vest igat ion of one of 
the »©st challenging problems in the combined fields of 
physios and biology or biophysics as we >:-.©w it today* 
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In the tsi&taoG/ of this ei-ali. nge we note a# we review 
tr.4 early literature of «i',;«ri-«nw&tior> la this field of 
nerve ep.duction, the ep^-earanee of ».**.<»« of -on who were 
oaji^m plo s»#*8 in the eiasaleai physic#. * s a pbjrs* 
lelst, . ojsbolt x is well know* for nit basic tpc-r- or. poten- 
tial theory. awever, In his application of phyalsei prin- 
ciples to the »r©bl*^ of nerve fu,.otio , h$ 1 itl> t • d the 
first of a #erl«* of studies to d- Loraine t-'« velocity with 
wnicn « nerve i-jmlse *es proper* ted ft# well >e the elect- 
rlcftl eff»ote ftocc panjiu- it* *tn • ©her tjd * or* 

• «mi «ade exit Jttiv# analytic a l i ^v* sti itions f the floe 
of electric current In conductors of oyil* dries! foras in 

an etteapfc t« understand &*•# |»he • «* eno i of nerve 

U) 

excitation end donducticws* e note fch.t no ««■•• **r were 
eUs led physical eon# opt* accented as valid, they were 
t>, Hod it esporl-* t«l work i t «n effort to produce a 
satisfactory explanation to the #ervo conduction problem* 

•or ftxftisple, the year 18*.? witnos**d the develO' -ent of 
(Ms* law arc! wit hi* a period of aumths expert ee tatio wns 
»ei-. carried out in an • f fort te see if the la* *«r© ap- 
plies le t> ienulse trajcvieeion in nerve tie»ue section* 

.T»e year 1G4 witr.'«*ed the da *oastr-tio . by u oiu- 
•y>on-.i of t*am fio- -f a current of Iftsjury, if. a rve 
section, in the direction front a* i.lwjurei to an injured 
'1 it . .his experi* es.i j laced future 1 jwiry on • r-'anfei* 
t-tl v« b* sl& itv ^ucis the #•*»- - .*anftp as ‘nr • o«ji -* of 



electrolysis Affected research in electrochemistry after 
they were stated and accepted* home ten years later B* 

Von Ksscholts published & perioral theory of bioelectric our- 
rents in which he showed that • easurear.ent* of potential 
difference between two points on the surface of » narve 
section will not bo sufficient to detewi^e the location 

or the nature of the electromotive forces that maintain 

{ 3 > 

the flow of the injury or demarcation current* A proper 
definition of this force had to be obtained by other than 
a surface potential »«asur«-ent . ^embolt? reeogpai* ed the 
nerve conduction problem to be a difficult one where the ap 
proaeh would have to be multiple, with arple use of ail av- 
ailable tools of satberjdtlet, physics and char is try# 

?rior to further discussion and for purposes of or- 
ientation we refer to ppendix A of nation Vii.klagrosi :©. 
4 is that of tne longitudinal section of an isolated nerve 
fibre . .*hat is ordinarily refer^d to as a n-rve is act- 
ually a large number of tiJ*se fi res. The fibres are of 
two general types, the wedullated and the :*©n- .y Hated do 
pending on whether or not they' osoesi a yelin sheath* The 
functional portion of the fibre is the axis cyii ;der which 
is protoplasmic in nature, a colloidal eystee pvt -easing 

or.ps-.ic aud lner«B..;ie electrolytic cop. »,.<*' fca, with water 

(4) 

as the dispersing ediuss. The acyelin sheath is in tUSW 
covered by a this; co active tissue «m&rane called the 
neurole* a* The fibres are organised into pro ape or bandies 



4 



which are ©ovored »y * ahe&tft of ©o j.*.*fciv* tissue called 

tne perii'saavlve*. Jhaae bundles are legated In * -*.trlx of 

ib) 

co.--- Htlv> tissue whieh i» referred to as the epUieuriwet* 

xperlxentation In the p&afc has principally utilised nerve 

•Actions such ae the frog sciatic which will contain on 

the avera-o several thousand of thesa nerve fibre* with a 

<*> 

fibre din ster raaying fro* 0*0C,j as, to Q.01 «• in 

recent year* « dedust© nlcro dissection t#ahr*l i© as per-* 

•It ted the use of tae sl-gle nerve fibre such os the riant 

axon of the s$uld* 

In a generally accepted sense, the function of the 
nerve is twofold* It generates a transient disturbance at 
the point of sti illation and propagates this dtetur *noa 
along It* entire le ..rfcft to a receptor or tan* -hother exci- 
tation take® pi «« y artificial aeans or by the n-vural 
process, ti4» r-eursn always rcsoo.de in exactly tho #a-a 
we/, l*e*, by conduction of a ei *le k guise or a e«ries 
of 1 pulses* This iwptilae is inv. richly aect>».pa -.led by an 
action potential, which we will presently deflre, and t* e 
o.ily reliable »<ethod for the detection or the rreearca of 
this 1- ,-uioe is by mean- of a record of the action poten- 
tial* .« »e ehfii * presently- note, studies of the .erve 
J»pulee have, for the aoet part, been sw.4# on excised norvee 
•ti ulated by *eas ©f sr electric current. .etuelly other 
■ ti’iulat ion a .ant# have been utilised i i th past, namely 
pres-ure, llaht of a hi h inte««lty and specific ee v*X*.i. H >h 
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*d chemical « '* »fc». The ca;. . 'Oil 1 proo- * ta n rve 
obey# the "all *>p a» n , in that t * qua^ti*' * in- 

tec# ity a<.d durati « of th* * iic-al*. t in * & -ant * u <* t * «.et 
• pacified reqwirewexzts 5- fore t*>c - ve ill initiate and 
oorduct an impulse. • o~- a at ho-* #111 refer to this s the 
*,jaw of fpecifie .aer£lrs", aithnu#h t i* Utt*r tens 1» 
usually interpreted # t.> refer to the quality of the at la- 
ulus rather than the qu r r.tity. in t • •» c-ae of electrical 
ati a 1st ion, the volt- ® *cr-'« tl«e electrodes ist of nec- 
essity b« of a certain saaIs-u value and it *%ujfc change with 
a oertai fr^uency such th*t tna stimuli. tin. current will 
also change with respect to tieo in order that the t*«rve 
stimulation threshold b % r*acbrd. ~he arts r.^y expended in 
propagation is r* leased all alo-ag the nerv and is not 
derived fro* the stimulus, as in th* case of r.u*eie, a 
refractory period exists for the nerve. Tine period is sub- 
divided into «r* absolute portion, du-in which a stimulat- 
in' agmt no matter ho* stro \ or s ecifie will fail to 
initiate a response in the nervo tissue, and a relative 

portion in «j Ich a ore specific t ‘An ror-^.i #.ti alus le re- 

18 ) 

quired to Initiate the co laoti process. *he ubeolut© 
value for the refractory period for th© sci*tlc nerve of 
ho f roc 1*# for ®*«. pl*> 0.0» see. 

The isopeder.ee ©laments of nerve -rs bi -directional in 
that ar. It^ulse in » a xcUeJ r-rv# in both 

directions fro the point of stimulation althox«i y. ••really 
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In the litaliu case the impulse 1* unidlreetiaeel t *® to 
the -sneral yea pile «t.‘r*n 5 »- oat which nature v .m» provided. 

- css:* five year’s i» t«r„ In X84d, f-’ftboi'’ ■- .-j'K&na at -.ted 
t ha t excitafcitr In n*rv* wt* ft fu .etien of . L« tt»» rate 
f ehnn.ro of the current density* laee that tl*o, that 
r*laVi® ship hat been r .rifled f>r a Lee. si •'Very • o*n irri- 

uu) 

tabl tissue examined. 

'/.eytasm: felled to o . rr/ hi* ex earl natation on to an 
further i siificance pri. slpally due to the lee. of sensi- 
tise recordi. < lustra: ent« . Adrien stated t'»e problem of 
the period mit® well w*-er. he said, "fit* history of ©i%o- 

tro-rfcyai : io y has bee .«®idad by the history of electric 

ill) 

-•eordi- • i'«»trva»»nt#% The period of t o letter *’fc 

• f t •« nlr^t^eath century was therefore one of .real tech- 
ie*! difficulties . The current ^ aas-eiated with t <e eoa- 

aaotioa •'•rce*** w<re cxtreteely 'wall «jad durln t;<e course 
f activity, w mid fluctuate wry rapidly* The early re* 

• a.rch defended to a c^eat extent on the airr*r *s»i* *-o- 
»tf r - . JLc t *il! show a cir eat «)w.n«» -at the i< la fac- 
tor t: .for with i .ft f i '.Ithllit/ of l'- 1 but . lul ** nt 
ln»r©Sue*>d ©”i v rs f co: »i-*er«ble • vnitule. a a **' tilt , 
'.ntirect evidence was roe- rted to, • i*b r* ' di*. !n 
©••♦trover*. lea in the Question .f the pr.-p-r ir‘ v* alert* 

he first attest.* t t * obtain a record of t:»* or,;* haste 

^ci »n pj % jtial «•*’ ade try a >wn "by • iolo "1* * „ » or* 

in the yeas' U' 1. '‘tillrinv a ?j.wp of ©•• ll!*ry 
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el-* fc ro-ete-s -tflth & tested o » rv*-r on each ir»vrn>.«nt 
•rd after a lurve nvr o- r of irliUi the date *«n r -aess- 
ctll-d. « potential drop'i feateeen fc-~« *.l*etr»d#» were 
c ^ used «*!<3 t's* eurve w«* drawn • r <© rente cSe * o ebc- » 
if»oS » « of t* « wc-runsh** i© spike of l no action r •tsnSla.l, 

{ 1 « 

Vf leh were produced 0/ :;♦«#*«-?„ In *'i» » ockefeller r®pox*t. 
*hile tb*y »#re, no doubt, er**lally selected, this writer 
«v* deeply laorweeed with the rawultinr aoeuraoy wr.® . w« 
ttts s ldar the t epical problems which wore involved. In 
•or- arsr d the nerve a* eti inert core c >t duo tor end 

pr p->*#d a theory to recount fvr the exist' so of the eloe- 
tre* c! iv*» foren ««• created fey the i. jury itself* 

In t fee year 1*^0 ., a .spot hoe is was put fort y if. 
crretelts to explain the existence *f thle electro. • t 1 re 
force. *.rmr*ntly ernateln wes deeoly impressed «ieh the 
aloof mlytte lr eolation theory ae advanced fey •- vant* 
trriwehui In . too'- .ol 1 «s*» « fifteen years Vefore. *’ rust eta 
r« • rded the nerve ksw *."*;• a* waving; i*o -reperty >f »«- 
Votive •- rMMfcbility, allowitji e- rtaAa lone 1 end r« Ject- 
in.- other*. It m'uJd op moisted tlvfc , 'o «•-*-’* ted 
i*i*t thee# io-s would vary in ai o and that * .«ed # of 
eonroe, m -wane of d*ten» thing the si • ;*f tie io*&» con- 
or rned. * overt is* lee* , *r-*d with t'vs know »«t » >f »*•> *• - 
l»t- r • i f r'wtio. tor- t -*r •1th ha piw «a *- > • io 4 t »•* 

o serv d f *-* »r*«o*deu fe* •* 1 •* il a theory ^ie- would #x- 
r *• i . q-xlltatively the orlyia aed tatur© of t«e o •< r >rv«w| 



o 



ent* e eenslderrd t»u> n«f?i »4«Bb?*n« »# nor* <“a'1o to the 

•wtaiti* ion out i*r r eshie to the sodium oxti ’ • and »&• 

ion# in • enera j, with the <ilf foresee in the * , e**«#l#r eon* 

•*er.* ration* in me intnret ttial fluid end, t^« i^terler of 

the n^rve, r»*»on*i&l** S>»* th* resting e^brsn* r •‘ > .*ntl*l« 

•s * result of this R*ioctive .►#?*.# ability, the otwsslm 

t v i will fern * layer of pooitlve charges on t*se border 

of n aril -eabrane » d lust beyond* *h« anion# «MtJi 

are p««i«nt in the axoplasm will form a similar layer just 

within the •embra-e, the net result being a double layer, 

separated by a sseaebrane and thus exhibitin' a difference 

if o T entia.l . has ho ~e*Ards the sjt«r>l**« • a* nei*** tve 

and t^e interstitial tl#«oe fluid ft# positive* ' err stein 

thus a ocevirt# for the currant of injury beinw Initiated 

m a result of the local da~a>:« or «wr>t«s*e of t ie - - 

brare* ’be potential difference preexist# and <n mem* 

■ ra.*e molars a current flow# ia the ©vt*»r circuit fra 

the surface a# a positive -sole to 1#* injured * rea 

U4) 

as a n*f*tiv* p • la. er •rein's theory *s *. f * a- been 

recsrd^d as correct • *• es» *n*e a# a definition r*r t*e 
t i v - v*bra* • tentiai with a wide 1 *# - « to 

it la fc'ie 14i*>*.fcure. icday It 1* •*<»» were seeslfld* 
ally a# t •# -m rane Theory. b ile the tlteery doe* * •©** 

• «> IS l\» tlons wMe wll ' be 4l,se**jt .«d 1* ter in «.eis sec* 
tto. , so--# i ‘•cent exreri^jit# awe advanced n*t v . -r 

■ * It 

• lvr »V i«. ft* in fiv.t* of the '«e. an* t>~-»ry. 
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Z . . ‘ktddorjkVX in c animated »i .-„iiflc*nt aaparl* 

jrt-nta oita* t»e i^lury po »nti*l of eduilnted r# 'Vo, fid 
fo nd tlmt by ircreie*! » •- or dttowmair,.; the eo.*contr&ti n 
of ot&sslcuB is the titbit? i solution there #■< a direct 
effect o/s t*e * • jnitude of the action notential observed* 
*Ut noted a Ioj ritlssie rotation between the concent rution 
of tha • ©taeoiuw Iona utaida the nerve aid th® concen- 
tration inaid* tna :8m« .'hi* contribution vas jrade 

about the **»># ti a that am -coin foreuittitod Me hypotfc* 
*e is; navarthala** ch* literature a^teata t.h-it aodot-ald 
ms tfe« to at • «? that tna r*lativa ►otaaaiupr con- 

centric ictus in tlu* -xi# cylinder a- d the tissue fluid 

(Id i 

■era responsible lor tna Injury notenfctal. *t. the tiasa 
of publication of t «s ra coin; of • aedora d*a a <rk, ha ana 
critic iaad for fMla- to aslat:* in nia -%th solution* iso- 
tonic with tc*t of tii«u# fl< id *» y rtad t‘ * ©fc**siuj3 
•oneontr-t lorsa • Sion too, he did not aaka & ty allowance 
for th® osmotic proa aura or war© any ra^vanoa* 

•acta to tho condition of lils nerve# , upon coeirl % io* of 
n la run* • ►or that failure of « fhKUnm 

vara ta'’o:j at* ew.est ti.i tly at the tire <*u» i the year# 
tv «•>••# *i» w*rk tood t‘*a te*t f e^stoil® - fcad ln^”*r*y fco 
th« ax*e*'t t*-*t »1 v *-»auit* ■>• conside r*ed valid* 

I" tn-a ye^r* l .> H, • mat In a on too detailed treat- 
V 17 1 

•ant a j«? o -*<i th-t th* m-vp flbr»- a d t a arte real 
fir id renra* anted a *y*t** in a 'Uilihrlo**. a ^o tola, ted 






« 

• hvhpjhhiM^i ** r n-i -H *«• ■■»• 

f 4,-1 ^ 

IWVM a »«, «•*» MliyH •*• f* ^ rtuy >• 
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i.-i t ft- tSstl « haa» boundary ©lertlul 

«i«ii»r t® tft* v van's ry pot#'*tiai w*it*h »won&r* At the bo*.m~ 
•! ry fwo i-sia-iMa solvatsts ohm »n ai*atrolyt® *'*- 

j jtlAn rj> vi r rr 4iff#r*»t nz * irity sorffSeisnta 41* tributes 
1?3’ If '.*tw«er- t' ♦ fc*o « olv*r»tR • *r*«t cs.r*' , i*d nis 1dc&» 

fv? n brr '■*’> t- 1 basl'* of dj-tootcal *M»nsi derations s^d <5»w! - 
©• *d his *®13 w-w* *o\*»tion for t : diffaslm <■»©% ontini 



« r«*'r*«*''rr^ta tft® a.iior •* ability and » is tb® anient 
► a M*y* v«* retain oscuot ij fhat t>® anior»‘ ware i--*- obilo, 
t*'t va u*i to s^ro nnd used »**asta a^-^tion a* an oxpres®-* 
icr> fr»-* *>■*• • otr-'rsa-a pote: tiai w i«ft will rtaw ar '‘oa* *», 



pro •* *u stifcution in the foranol.-g ojustl-n a it a the 
• slue of n. ©f 8. 14 j ^ii«» a® 1« p-r dogro®, ait'' an F 

raluo of 56,5.0 e onions..* par J-srad&y of el ©Ctrl-' ; ty -ad 
s^itaole c oaves rsioti to i)w .'aso toa i*< seals, fcr-o f >liaaiijg 
staple <?x proas ion resaita, at IQ® Conti trade, 



•a ns* nr^sidor th® «ehania.o phonos • ** *r* »■»» •etlon 
l' *- t-o\*rtial '“’•trl * t * *'">*'\*lt'm - races:-* )»*• !• *r 



- ££ 2X 

(u-fv 




£1 




a fi !•;• Is .rth -f s • *vs fi.-rr* • et • rithfc 



-•• sf Is r*f#re««eo p« i' I •»•-.•■> t^- rid ©In'. *f H<-- is 

point / • e plo©* to #stotr**n**' %t fc: - »« * *1 ' # 'its «i» 
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il- r designation. ?he point g end is then i.-.Jun** by crush- 
ing; . a snaltiv© voltmeter 1* pl&eed o- twiten electrodes «tr-d 
tne r sultln r< adl.g -Hi indicate point ns positive to 
points • ^hia potential difference is tnet indicated by the 
for* gs in.’ iN»i3'i*«i * theory cons ici»r«vion» * Co.iaidsr now two 
stlwul tine; elec radian placed to the extreme left end of iht 
section, vpon ■ t ir-ul«*: ion, a ch.'t^e in pern# ability 
occurs oena-th the electrodes end due to the potential dif- 
ference bet een the out-r and i* r braren, *n action 
current taVc* piece in . 1 * inward or coreward direction# the 
1 l"*uX o then travels to tins ri&nt alonv the nerve. Upon 
reac ir • the recording else rod* at - , the two points A and 
.* ere then Iso otentiel. As tr,« i> mis© travels further on, 
'jb -amora^e beneath the eleotrodee at poii»t r®gii < their 
* auiation fu action r r a.L-rl*# a.-,d j*oint \ •-.ccwes po*.l- 
tiv to - y c« a^in, .• record of this tr r sient variation 
of oot-**tial as U 1 * ia ul»e tr«v»is over t no^ve Is called 
tnr action ofcertiai «nd 1« tnis particular c»se it is idea- 

\ i*j. 1 

t if led as a onoplieai ty~o. 

i il*»rly, we ■ *;• co <•* ider a u^rve seetic? • irH is 
not crushed but two al-*c ro^es are spaced »n euua' distance 
«r*.r*t fro'* the -Idmint of tne length .f t’-* fin***. ’reei 
left to ri iht. as w« b*;© ve fen* tie *ve w* !.«'**; t*-i f, the* as 
electrode* a and , t the extreme left h> d of t s e nerve 
section »* pl»ce «* ’'sir >f "ftissalfttln^ el«ctr>d*a s/d <k* , ~ 
•no* stlaaletlen, • H* -.emarano oeneafch the stl’wn.i ting 



1 1 ! i 
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elfo.roien « ri^e® «■ *r*>r- •• d w^n tve i—t«*i s s« r e « 

«-: t' « vici.it/ of eifC-rode* th* e lac • U . 

.#Ctivo with reared to t"i a elect r<*d«. . • the .•.*»■, ui** 

wad t:*» *® Oran* o**i*t{S a oo»**it Peak fcu it* -vlar*> 

l:ed a t.'«w a*su e* it* U,» relatie '.ship 

witr. respect to B. -Tv»u .« i •*. *0 r* s.che« tr«* wint 

|)« inv© • * portion of tow wave la «* auted. m e 

v «u* tice plot, tLii '.rA.aient oo*&lfcion would represent 

it elf an iavijwioi. of a #!/.•• nvt • ’hia type of record .1* 

i. ilwd a dlj *%*!« esti - potential* 

la vi*w of fc *e fwre 3*1*4 exple. i-ilo it would aeee 

t.mt t.V' aotlo®. potential could not >e larger t *• t « 

ituo.% of the z-aIb *•» t’« >»»l !:*»• 01 

tuA *e*ur«ne »4iK>ol for -.r.y years ar : «• . in 

(l®) 

r«.it e^ewt-ted u. tit 1 * 40 . 

at cti* -a '*1* - a •-•fl *«•**< . of tfwi 

left. It io., action p-»t tiai. it •»-** b»»«r. © e« rv*d a. x~ 
>*p 4 . at t Mat the *ct ion po 1 *<:tial u* oj*ro. •• i of « . rwl 
3 wnt » <*rir a.'io not li iced to one **©oth • vtAtir* t 

'it ii.ol-Jdi' / i -t or Ij the *■' t Utdr«a*ed ahorw >-i --le© 
•:*icive and ©amative aft*-r ?otv*tial*. !?»♦ »♦» ti*l ’« 
in - ac ■ it *1 r» f •srred i* o>>« -• i 3 t • the 

*it- r*tvro *v %:*t - I . ;vte..tiel« ih *• ;**v * v l« and 

:i .—vie veri*ii**.e -r* i-l.ed 1 e v ’ *-<?. 

<kfi> 

uii -*ie eri-t . o« iK*» . 

in £1 , « .*»wt f T if' '■n* 11*0*4 *!• \ i’t m% 















































t r* «i 











i' mi 

























13 



effort to account for the rsraorane potential. The nodal 

consisted of aqueous solutions separated by a layer of im- 

(ill ,2tf) 

miscible liquid. He has taken the license to extra- 

polate this phenomenon to living systems • In one of his 
earlier models which may b© described as 0.1 S KC’, /Salicyl- 
ic aldehyde and salicylic acid/0.0GC3 ti K0h f he was able to 
report a membrane potential of 100 sv., with a positive 
charge existing on the membrane side of the lower concen- 
tration. By variation of the concentration of the solution 
on the left, the negativity increased* In similar experi- 
ments ho utilized mono and divalent anions but retained the 
tame cation ba., with the same result. Beutnex , s logic in 
reasoning the nature of the forces operating or the factors 
involved are sorowhat confusing, lie tends to believe the 
charge distribution is a function of the partition of the 
ions in the respective solvents with the idea of a concen- 
tration cell in nind. However, he repeatedly adheres to 
the idea that the organic film or pseudo membrane is res- 
ponsible for the Cirf of this and living systems. To quote 

from Le rente de No, "Beutncrb concept of the nerve membrane 

(3) 

is difficult to follow" . Since 191U and up to the present 

time, Beutner in collaboration with T, ctmeliffe Barnes lias 

repeated his model experiment with numerous variations for 

the organic interface and with variations in solvent salt 

concentrations with interesting results for membrane potent- 
Ud, 84, 25,26) 

lals » Ir. a wore recent experiment, Beutner and 
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game# have found that acetylcholine, a pfcyslolorically 

Important organic o cr .pound ha® a starred effe cfc on the po- 

(£ 7 ) 

ential difference of an all saline interface* This work 
1 a significant in light of further consideration of the 
function of aetabollcR on tho isaintainance of the resting 
potential* 

In the period just prior to the first orld ar, the 
application of veeuuw tube amplification to nerve conduct- 
ion and potential study was wade fey Ur* * eitft Luca* of trin- 
ity College, oxford . 2y »©«•>» of this advance, #*»berao« 
and Downing -ad a the first report on the components of the 

action jjoter.tial having noted the positive after potential 

Uo) 

in a son® phasic wave* 

The years that followed tne w»r saw the application 

fey rlangar and Olasser of the cathode ray oe allies a ope to 

experimental study . in their work the result# of A»SH*rsoR 

and Loaning were verified, a^.d in »any respect- ^.pllfied* 

They conducted a thorough study of the spike components 

due to the class of fib o*' participating in the conduction 

as observed in a transient wave pattern* In a later 

experiment *^ugl«s et al worked out the preliminary corre- 

latio b*t*eet fibre *l*e ad potentials observed. At a 

later date, this wo? was consolidated fe Gasser srd 

yrx.dfest wherein they showed a higher potential value a d 

a higher conduction velocity ir. proportion to t*» axon £1- 
( *) 
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In t *id twenties, .• iliie *>£ 1» 1 ttro&aetlon 

ef the pass i w® lrjr:t wire &odei a® * parallel te the con* 

duct Ion proe* an end icfcaelie with hi® work on the aol- 

< , 4 ) 

leidln r«jB&r«n» adl«d weighs to tne -wet hrcne tneoyy* 
fhe eabrane u»«d by tr* lahaelia *a» a partially dried 
coiXoldi«v w hraw wbl»fs exhibited & narked selectivity 
to lone , allowing the cation® or *nion® throw ch respectiv- 
ely depending whether or not the pores of the * erbrane 
were negatively or positively charged* if one ray regard 
the rerv# ♦enbrawe to po®»*»« negati vely ebargad per*®, we 
*yav« a «ysfce» postulated by the <*«*«« teln theory. 

In tne early thirties, expert © tel effort receded 

• leng the line® of two eajor eubdl viilons, n.fc'-oly that of 

the |thy«i®*i and tr t of the ohei&i©*.! aspect® of the pre-b- 
leat* i itr«ijfic»nt studies, which assert that ® »«taboiie 
and chemical proa®*® operate® in sow* phase of the ©endue- 
tion p. enoteenv, , w®»~# - ad® by a# V, ill «md . . ■ -. rard. 

ihe position of -Malabo **» fundi on was strengthened by 
report* of increasing oxygen aoreawatption by nerve • ..wring 

activity a- d the effect of etaboilc lmd/vit trs oo tm 

i 7) 

rest! retantiai as reported oy * < a «»* *<-. xJ d, i>r* 

*»«.. » .soei first 1 troducod t & idea of t « as • >alatiwn 
of acetyl© '*•11® a with t«.e ©,>}d .:tlo pr >«#** « .1® •ork 

• i vnifioantly correlated « ’*«**i©ai. energy equivalent* to 
account for tm o«rr«#nui 4inr electrical «r-erc *f trj® 
uctl .j potential a • • 1 t reduced tta ti-« factor coa^td**** 



h at i, e it 1 -i «o th - c' c* leal 



lo 
(- 3 ) 

at ion fox’ tin* first tire* 
at,- ots of tno pro&leta Inc -eased when I. C. me* *n o 
jsor: rec-.-t report of hia wark an organic interface no del 
•j«tem, staged, 

” in c ii.clu- io*‘ it woulv appe-r t t the 

basis of j T-TViiB enerjy. insides In tne pnase 
boundary elect leal potential ten-. rated by 
coepoun^s in the nenfoiw system c r.taining 
tctracovnlecit nitrone-* of -Lich th* outstand- 
ing example is acetychcline 

«till sb or* recent worn, of o..ly a f . « s ort ***** a^c, of 

( 40 ) 

~/rir.£ a».d Joh son, ats-^os tl-»t tc< source cf energy for 
the potential differemc* of the renting state f the mem- 
brane is du« to the : t hollo production of aci^a from rcn- 
•l*etroljrt»s sue* .* cl icoee. jrin; . t tea a belief that: 

"hho CLifferei.t lal rate of escape of -ions and 
or *r.ic anions through the seatipar « bio free; bra ne 
• aintai. s th*. pot- ntial. . . .''p-n stivil* tion, in- 
crease in p- r- ability permits freer diffusion 
-nd a daction Ln the po anti- 1 dif ferine* w-'-ich, 
in n* rvea, is then qoiekly restored by the rapid 
redaction of acetic acid f r — ac-tylcholine 
through cnollne ^sfccrase -atlvlty." 

■ nfortu.’.at ely the abstract abate* o or* t &n a theory 
watch i -s often eo-e to aind of c good >--;xy *ork* rs in tho 
field durin? i < past t*t. years. It r»pr-s*ntf •• --ar- 
able reconciliation cf two div«r*' r.t points of vl* w out 
•he nor curious of us r uli 11*0 to e*< the. »xi r*i *ntai 
data and proof. 

In the six r« r p -lad prior to t *c i orid »ar, 
co ti'uoua study ’-is oni the electric* i character!*- 
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tl^s of the nerve tat bran®. ih« toraa ren*' re*i«t- 

a:*c , conductance and ir.ptde.ee u. - >n to *k» t veir ?- 

; S,4i r 4t) 

pe^ra^ce .n tile lit a rat or® « Curtis and Co*© .ado 

successful aeasux’#n*e»ta of the Impedance ef noth lie 11a 
a id the giant *qaid xon £.« .bruno ufclli i - g t«K- oel»need 
A. t* «hv«t.itoie hrid-o with 1< *ds to t .« v r;ie&i de- 
flection ylate terxiaala of an oscllloicope. ••e&n* of 

aathuoaticai anipul ti ■-•», t**o ^pev»no» is -e 1 a# 

(4w/ 

a function of the orid e ^ve. cter# • 

At this ti-« xtenslve theoretical consideration waa 
'.Ivon to describing t we v-rloos as ect* of t).o .-ti ul - tion 
problem taking departure from the fact that the potential# 
were aauxrd. and exoressinr the rhea Pane, and atiasul -tlon 
threshold a# functions of voltaxc» ch r * density and 
tl «. <* ach of this work had to bo r- vised in 11/ .t of dev- 

elopment# in ltteO. 

In lu40, . e:s *«th wOle and Curtis perfec” ed a teeh 

'■•i t ue for usi r :< -icro electrodes for insertion into the 
axoplasr/ of tiie gLant quid axon* - « • ur * mt of the ae 
cion potential utilising two electrode#, o>.e m« r riaA *nd 
© k« internal i r **as .) ed f at Uv- transient -us as 

# r ow:i on ^ia*.rxr, «d. it «ae noted fcmt t e outer surface 
electrode not . uly • :;.t to -ero ) -e. ;i^l with re* neet 

‘I - ) 

to tie l.>.5~r vi strode but also suu nt, etronfUo ©>tive» 
'.‘via actually rsp”-s«nt« a oo» *iete mt r*. I in n'rviee 
nd i# not predicted b j the capacitativo a- -ct of the 
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t- -tor/. **A« ■ f in* sail r, >» « tUi 

«*» «.« •• ls70 n?. ••tilt t?*« 1 jary *s* r«w ''"•a v p«- 

tartilal mk» raroiy * y p* t#x’ than &v »r« r>.ir j*»It • * up «m 
1-wj la t*u& par*# ttmmpf whi«h jr-ito* .4 %,$"■% 

li..m action *$*• tial eoaXd »ew? w *t»« ir 1 **«*» 

t?r- * '"%* «3r) r sf sNrtie -»*4 Iftlo »a* dttpii* 

«* e£ t t ■»# «*••» *!*•# • ;«* i*. *er»' ^ontly in ^ >y 

• Xso • ctl. ki*o *'rf» a . « axlcy «.ifch con fin .*©?*y ** •* U-* • 

?Jso • xperlxtor.tftl #*»imXt« <5* f i> it»ly <£«®o r ••d * revis- 
ion o: ti-o « •--•braa« t; sor/ to asocmnt for n his o&*®rvft i* 
overshoot «i* 'h .«« <*•?«• rsal* I» 1041, Col# dlssutsMI the 
r osaiMlity of *n lr-iu«*'lv* #l«rr«nt Sn fehv ••r^e •#!>i, , ‘-n« 
v «i j •■«* po .* IP 4 f*r* t*.« overshoot «s f«*r ' x» ■ • •■ 1 » la ti;» 
co r< tionai *eiil tor/ circuit, ©•*.» inn th* «xist* *©«- of 

• rf - 5 i»''>i ■pr< «■ <»**. / os * to th* uis--© 

( m 

er tftl r--** ti«* . hi* id< * -as not >r*»*sd too Uoply 
*!»t • -t r •* \*r well out : . 'vis. 

Vtdftj ti:« ■ ro ’less of a -e -'a* tl • # for t •« * a •nli’a** of 
the actio; c ■ * ti*l till w- tj** .. «*ftliftn , •.%e**r* 

odftXia* •• d *t- f«sl fss r*p#r»*x .f v o ^ • • 00 * 
«uri fc-itl ' pot< ifcisl o>*. s* «WU 1- :4 on 

th-- '•.•!• -f a «)»r' *r> th« «#lootlv# 'T ^ U-# 

• o*» Tito do^ir# «»rt* •!* r-rlM- *»f * 9 .. mIvj --rooo- • • 

til* • p- *r*« « 1» to V* K «PH» . »»TM l.hl** to "O'- 

to . H ■ %t •'O *&!•!» » 

••♦r»*«bilily ♦hift «ooh tfeo 
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■•r' *>abls to tv* uo:lu 1 >«» ,» r «v arb" --'tan- 

tial e*n arlso In f thl« tyr»# nroTfi.'Mnf th-.fc 

l « os-*®*-: itp« ti on of t : e aoditiu in tV wet m<*l 
Is . fwatwr than th- conoshtratlon in *h« &»• •nl»*n.* :lth 
tills la *1^:, th- r*a#..r5 a of thi*. the* Je <51- 

r-ctsd. If it all r.Ttible, It will fc n~ aiw i© cop- 
i'elttlQ f * trtraf”* of t sodiu- t«R» -ith tM - fit- 
tu&s -f t -a action ro one la Is . To o tbi* *r will apply 
tho theoretical c-^is id* r« of th# diffusion -qu tiono 

of Tcorcll an- dol*te*n with • - ilfl* ti -. s to b» 

(**,4§) 

••-scrib-d. 

rfes out^or • is*'-* to exorsss >1 -♦**■'* • ! • r »i-ti hr 

t. or. »l*h . t*oy, v Hr */*>»• 'ir^etl nil* - >t*x 
t»i dr v> , frr t* assist* a & r.H»-e» ; ~r, 

rl» .-can f*>r bii t •■ r*tfain«as and coor-* r* ti •*. * *'4 
t I-r. * 0* W/*m f * r • is nu»-/r»* » i® s Ax.*;, p- rn^« *«it 
.-f the rs* Ired tsofc- •« >f ©.'’I'- fr. fe?— a 1 'to » 
•loral jabo’* 'torios . 
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SsO 

- UTlO# XX 

A preliminary consider tioa prior to experl'-entation 

was that of selecting on® of two available isotopes of 

i> odium, Pa L ' 2 produced by *g 1- ' 4 (d,e) a & " reaction with * 

(o7) 

of d*0 years, arid a decay s eheme ; 

>►/(!.• 8} 4 B 4 (0.&8)+ # £ * 

or produced by a Ka^* (d.p) Ka^* x*eaotio,j with k T & 

(bW) 

of 18.X hour* and a decay scheme; 

t f > 4 * >jr(2.7b3, 1..90) + »"(!.. 3) |^ 4 

••nil* use of Ka 22 would facilitate decay computations, the 
decision was in favor >f use of &a . The x*elatlv© higher 
energetic beta omission was desirable fro-- the view of the 
trailer self absorption counting los* of samples. ^hen 
too, the longer half life of ra^ with T' of 8.0 year* 
would dorand a wore extended disposal and da^o.»ta»ination 
technique in the event of an accidental spill. 

The isotope Sa was aadle available by >r. . . 

Pool of the j'hysics impart ent of hio f.tnte University 
by *eans of eye let ran bocaoardnent • .ater srran/-' **nts 
were wado through Dr. 11 lisa 0. yera of hio ’tats 

t A 

University for procurement of Sa^ from the Isotopes 
r 1 vis ion of the Oak ldg* national abQratoriee » 

In view of the gamma emission of ~.?5£ a**d 1. 90 ev 
for the ha*-* isotop , extreme care waa exsrclsed !<.. dllu«* 










« •»*>«• MCA*. I Oil 90 mU* U it 

rm* bm NfH4 V» «*•«*» «* td 1- «%J* «i 



t5on t ebri uos avd the Aerra# -f shielding a- Xoyed. 
The #sn*»n op ant* ,oa -• pat*'® were ca eal*t<*d on *. « 
basis if the relation *.f»$ C • where C 5« t’.» • oil vity 
In rll ic ri* a , is thrts average owaatu enemy In 'ey 
avid f la the delta*'® rate In will! -roe t«* ~ 3 oor hour 



at or;® foot distance unshielded. 

r.oa dwgre* of shielding to b- veed waa c* ieula. «d 
by 'he r_*ttal ex-on-nt I&i relationship. 



usual alcniflcaree* far lead and p»d brick, the follow 
1*5 a sorption coefficients were utilised. 



rv • . e ■'l tien of e-ileul* nd r«< ultv- anta a d enaction 
of the shieldin' *at<*rial, th* area about t>- *hl< Id was 
#lti s ->nitsred by wa.# of a routable tools cion chaw 
tr calibrate'? t • read In »r. per hour In o*d*r t ■»! the 
calculated dose rate way be checked. 

The activity of all radioactive » hi -'-.onto w* s defcer- 
•ln*d upo- receipt. In case of a’ *Ud e * v lrr*<ent.8 a 
. C"' - *i Tatlv poock >s ttrxo ^ade with the activity rtfediu* 
or- t v a tthinpiR- 111, Per* the case of the • a^ rre'iyrd 
f-r— the 'hie tat# :»iv* slty nyelolrou, -n . **«y to 
' ••ade to dot** pel*.* iho activity. tm* vtivifcy of 

the s» r < r> le waa drtorrlned by application of fc'«» "•■■cr try 
factor jr*», to the eounfe rate co- *ed f^o** t v * tot^l jr***-- 



\us ) 



I 3 l Q o *** where I, 1 Q , u ami x have their 



?i.«gy { ev.) 

i.^9 

• .7 




t>.r >f cow ‘s «- <3 fcf • ti. t v l. 

;-3, Jf r:,r fK <*-/«* BC /{K73U 3 
* I r<< '. tion ch*ak.<*c *tcar .My * ith - «r.t -t* of 
l.o is^-to- v . ; i«ei.nt*i, rr-d .actej gj*, o: o'. . -.a do 

t 3 lr.ed for & c u«t« t '..'.*uy nf th* v 
hold*? co p«rla . U* recorded activity of \ uar.d.rd 
rwferunso •• urco «itl tlu activity o. th. source u»« 
t z*3l.-ed i,y our o<"orti. 1 ; c. ( ui- • 

*• «erc in off- ct rravidad t .r f»r# wit two ti> 
•ds ol a aeaii-i^ circuit o^sn • jits dally, prior to 
counting, tt* auto aniir vs oW , a again** Unr voi . 
t* [> *..d s*c dly, t: t wigvr tu • #wl scaler rw 
c: ro .*d fv/r * co*.®Ur,t r»o. try factor, rrd* factor 
fortunately r«*--*ir.vd c-^.st^At all curing t:>* 
tal t 

V*« - r:*«?* '• • c t jf %.t «*p» riv . nt*l e^ui • < r.t o* &- 

8 1 .an in f • '£ " >t -• *r. : ;.h» 4 f ?t«u.*diju 

-1 -■ ti nii.fcl - isoliti s unit *.» inserted the 

or <r.«- tt * « 1 -alar Utg el#etr>d^A %;> **• i»c» t-;e 
• ti- .j.-. rtif,ot to * • irl.~a *o t‘u« a<* •» <►. >ticja or 
« i*r- ^ot ’ tlul d« «**• ole . My see: .* t o-oilio 

Poop- • N» pul .-os •> - - .. o* -i. lo«. .■•» ir, t^l* v -ri- 

‘-t v 8 pu^wly for ... it.rin,: Ue vi* *iU*j r r , . t ;sn- 

u 1 * t • d i*! ,'v* » 

:• -f ts. ... , ii;«. rni of t * ,<• 4 fr 

i fcM •hir . . •» r1*« a r * tjwj, r. u * 




' 







■ ■■ ■ 












li tl . f ♦•ir;»** > « » V« f t an ••• . *.$« ’« 

* It - * uiok* rut in f olvtt l^n V •.oo>v-.r>l«ttl nixing 
and t ho solution was then t***n«f rrsd t > a **l*t»* '*ot * It 
and placed In a C3“'t« ; 1:. le*d confc - f * v '* tw-r «o» 

lutiOM, s© ©<*ll*d, w«* no* r-aSy f r »s *<y. •’•inco the 
ni~fe«»r ->f '"a.*s f *a ^ «M*’T>«4 was ** ^wn, th* r.\|fsh*;t» 

*f ©di rt* lon« i* sol ‘t ion could ;>** aaal^y «*alout* «d. 

• r* th< «■•- * w*s o t» i od y i*Jtr •‘•n ■ nt 

fro- fc^s eyclotro ■, the proe- *ura »»« sli''h* ly ••odlficd* 
h- ©opner tarfa* wed fur t r * b«m%> r ’ »ofc **« accurate- 
ly *«l»h«d prior to Xo*«di’ • with salt (#a 1). Vrcn r«~ 
c«ipt of to® tarwwt fr-^r th« ey^loir©' t thw tar 'pi 

• ••It •* r •••*■ Ifidnod. T 1® was do f • behlrd snr T»ri*t« ebielO- 

arid ”*th car *t«rt *■ "it trim* tec'-ri uo. amount 

of *'ilt «** o tr»i .a/ by differ id®. "N* t rp-t and ?»lt 
*»» t>i»c*d I* ii ml. of Injurs •soluti and kliowd 

to * > f«j» ft ft «*•••'. -icatos. 

1.. t « f t r<r t sal* *olut» Iona, u* lly 

•’1. af •ot'ltion ! wit'dr* *!I '.y ’* t ’.it 

. 1. ••* lilut©‘ to ICO *1 • , on* ml. *f v fc, i > * v ‘ * 8 

eo’xt-d. a» -ctiTlty -f in'* initial ***1” 1*r. * -** *lm* 

• ifflcl*nt -*-nr* of t • r.-* t ^ trltial salt 

• ol 'ti**- »*r t>.- -1 1* *t, >y rt*»o** ©1©*%+*- •. r»d diluted 

-o ->or* a worfl" - eolation of 1000 of* » ^s* T* ,n . 

l.r •'• *1' • 1. ’f * -r 1 '! * C” *j*Vni • ©ln*i©r **.« tp®- 

- j r>4 4 B - <5 . . r*.. <J ♦ f, • *.. r»« *.A fc *1»’ ••«* «■ f»* l® k (i 







•Ml M| H/tli I *#*<*• »wa i» Wmv 
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•hisldlnr. (lot® Appendix C-l.) 

The nerve utlssul^ 1 ion platform wa* »->fteiflc»lly de- 
sired for this expertr- fc. Four pwx»alli»i wire trough* 
were milled oxit in a rectars block of is*©!*** 81 • . 

x vO an* x 7 . The trough* *r guide* extended lor ritud- 

inally 61 trm . , 0.75 wide, 1.4 < . apart and were cut 

to » depth of .6 m • A rub ©r stopper fitted with four 
holes to Meet the allied wire guide® of the lnolt© platfom, 
was attsched to the butt end of the Incite block by a 
•mall W L" type e© -per flange. ote picture o. 6 of ap- 
pendix C, .URiber 30 gag© Platinum wire with a resistiv- 
ity of 10 x IS" 4 ohm cm. or i*#W? x lO*^ ©bras **er cm. 
of lor.gth at 2 0 ° C. was need. The wire wae -added in 
the guides by meaoe of a clear pi-stio Insul-tion cement* 
'he electrode* were fashioned by few© simple 90° b* &» and 
set 3 • apart prior to the s»ttr*g of the cement • he 

second eet of electrode* were aieilrly spaced if the 
glides and cemented in .4 m* from the first electrod* 
eet* small lucite plate served to spread the platinum 
wires aa they exited the rubier topper and t«'-*ih&t#»d at 
the electrical tc raaina Is preset in the plate. *Ma plat© 
wa* cor.neeted to the stopper by the usual type cep ep 
flange. • he unit wa* then given a etao insulation re- 
sistance t*st ar.d the result* we'** In t © vielrlty of 1000 
:ciu* • Throughout the expert enfc the wit ftt*«*l©t'«d 
v^ry *afci* factor! ly with the electrodes salti ©us, on 
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Ju#t ore occasion. "M* » to ">•» • roetftrt 1 vi - of 

tho c i»tituents f t i i » *»olutlon* Crr.ss© *v^ntly th® 

rrc.cti«e ws :.*tubll*h'& of «le*nln* th« ©l r: »: r “» ‘»s u-oti 
the CTplytior »*.d prior t tb« ** rt fa r«r . 

• wo «n-«i*a if fro »e^« us*d t« *bt« i *#ctlan* 
of sciAtlc *srva. F>an*®*n <iyp«riir>«mta..l rw* wa-t* -,&d* 
with t: e leooard fro/r, "rust nlplarj®, •• <J tw«Xve mow -ore 
•a*® with tho -t«r t Tall -r^a ca**’®M*-rm « 

"b* ani^^ls wo»*o ir n •• f® 1 <#-t ^ *»r* 

*be fr'j- w»~o sa^rlfic- 3 »*d h**h •oi*tie art*? »ero 
©awfully *xcif»©<3i n r *1 di*- *cM, ■»« t ah.iou*® • “’h® 

• rv* **a refill olaxr.ad *»f all a-^all bloo* r< •-ola 

• nil* i' »itu *id tt®o* «xci«lon “«r*a plaopd in ®jU 

bloota-i i ..»,*-•*• •oi’jtion. » w *f>»l b*n*",Hnr r + tj» t<« 

• ®«tl»n •*% * *o4,*t®«v, to -void any C* >•<* to th* * , t****. 

To® n' "V* »®ctiorw *■ r® fc »u • HSi” -or* 1 7 * 

k< at Will. 1 *<1 *©ot' *v 1 tV. control ***tl , -> •r>i tl *n 
1*0*4 © tn«! tv lttf>?w« Tr<a e :t« i »rt» 

»tt*c *d by thT***a at t>* •xtr , *»i *!«•« t' 1 '•'•■a 

m i n ’-f tb® iervp ’l-'f ”•» * •• -rr> ~i*v ~t« } p-pv r • ofc*» 

lor* •* airil*rlf • t»*e *■ but ™»c' --d o«- r fch* >ti or 
©l©ctr •*« •> tl-x • l**- r** -de • fd* >f t-* v' % *? » *■ 

9 . 3**r t ?• •»*»« f *. • t* .< * »'c *n <*•• r*« -»* t ■ » ex- 

• *v "v i’ 1 ** *0 i' ■ >r* a •■*•*8 «o *«• 

e *io* • * V'^iC f'- * K - e<- -*•<** 1 . 



• *Ct 3 O r i 



U3 

■ £■ *Y 1 -l'. ( ' ” AV* 3 '-a • : -j; ► . -X'.t- 

T ' » i* ’ * • *. ■ * »i j |5 

• - -* 1 - • !•« 5* C *V ** t • i,r - L .*» ♦ - b, 

• * * ^ *•' * >c r •*•”••* ' * It 1 v* i < 3 ' i j •■•lii • 

'' •'•&•**• 4 -j- In ‘.)f • -v< c -. ‘s%~. 

•*** t >•: i r . *T' •ll'itlv. ® ..♦«*?* '. • , .yc .« !" tl<* 

• rv«», i * i«f*. p.t««**k > (t tut # .i- «,> 

'* ul . '“l ■ ct **lo « C ■* .* ••«« ln..f • '# 1# , ** _i . . ««y>% 

• ' "U • *<1 • fr Nf jy >f 1 i-« •-»?••• -•..•* i*o,- ..- #ith 

. •!'•»%' i-. r u.i- -un»^v .,, n-i 

> o -*.»! c » o • • tl*l« ft* * > .*cticn 

- -•"tUil »r t • i., * . l^.' r» p^t- 

r ‘ v- '* '• A a •-• i'»jh ®rr* * -bn* J * ’ >»* f • t,. .t- 

V»^ •Oltlt.trr . •.., r-^b. r I, t .. fUUi <t* %Nr 

• a •> l> t‘ ♦ t . i*** 42 ©*<<** i- t ',}. * <*.- .. . rt, 

• th a®rv*« •- * • d *»?• ;• ? >| ,, , oJ . tl r_j* « 

*f K v .irfr lrut»* ri-^r *. *r<c*#r 

»"-»t * '.”%«<• * *'<Or;tto- '*• T» - -C ; n -'ll % '-l** ,. . «. 

p -I it, 

t '* ,47j ■ l * •" • ' ■ . • . C. : ■ \ ► . 

* ’’ ~ 0 ** *- *' ‘ ** 1 • »'** -• it. ■, *lt'. td. J.rwilf 

Mrr X r ' |T* • •> - I-M .»?5 rit 7 ip* 

‘ ‘ * * •'■'I*- * 1 ?• m ,• .>1 , 

•»‘ v • »' ». ;tl 1 *I r '* *tC* •» ‘tl^UiM Xk<i- 

* f :« *oii«. fit., f :, m«i L .«t r«- 

* 4 3 * “ •'* ' *• l If ~ V'S. t -r r ■ . # 
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d'*I jgtated by 

.on eu-pietion of ‘ s »tisrjl«tS ».» • ? i*, V- ' 
nerve #eefclo;.ii «« re *‘*in*5ed with the rv • ~r , \d? **otlv* 
hinders solution for five e<? -feeutiwc rin?r» J* or* sr 
tn&t the surface absorption trl, hi b# Mr*-;! *>£» ft or 

rl «la , the stiarula 4 ed and ear^rol sections ~ - vdl 

fr> the electrode plat f -'it • the .ecea^ry If'trtv.*, &f~ 
proxlirately e - 10 - ■ . of «erv«*, we-*e tv* *• •?■»<* frr-' t •© 
extremity of both r**~v sect! and 1 tV->o& 

vials contain! - ten percert • fo w -) r*"-< ■ jT 

crreerv felon for later cistol • ’len l #t u-v/. ‘bs r- * i&ual 
potior.# of both control end sfiwttle'ea »«*'*' 1 * • **■"* 

.* assured for lee»<r»h, and th*-n pi ..sod t*^« * } ••<! c.-i ** 

In x - 11 ed cou. ; tlng piar.o^ta * "h« »*•!’*▼.« w*« •• **,L» lly 

ceiled Is the planch* nt- r for • • fet* T * nlf. ?';♦ 

*he liras t or tJete ( '^lni ta* ceoat r»* - >f 4 4 » a / r*-*-! 
and t ■ * *d • set lan •* -® ‘-a* 1 .» • sd t„ ts *v- 

a . actively for onrpoae* of * oo-ai “ ei : let* 

ler >f fell* wet eou'.fc, two Arnm >f 4 *t"!* '* ' «*» 

added to the n* rve eectlons *v d thrae *e**e • 44 ' lij tly 

to a ellr.hr -ah# 7h< count r - f ** • *»-.■ *.s. 

per lKorttaj ar.d control uwteO e^pt** - a t> - • V* T e 

a% e tyne of ti»« d r sl r«tor « *• • «•<!* 

4 

he ••thl' #r solutl n r*it*init «' • • *a»-r* *e * c 

*a» raided off a*- fclv t '* r** i **ti »n . f »t|»»ni» 4 i * •'*•« 

as rayed* .7 n*ans >f the r waste control rl ■ i. 



















!-*••*»* •*.«**'»*• 
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. a 

*' *' V5 ' 1 t* 1 a " J rt i * i* d- «* *f? - ‘ *« i »« - 1 t 10 1. 

n« ». . 9 r tbl > <11 5 !♦•.? •»lwtl r> C ,.Mt f * ' JT*3T' 2* 

04l«ul.‘t i a# t. * -cfcivlt? t^a • • ** £©« 

t r**ii<w!i. 

* will b* s' in th« «rt >«»tl *11 cc^?-t ru** 

' * •iter'* 'w $''”rvvt-*& t* cr'n v f*~» o* oi-., t« in 

f v i 

9'9V‘tirr‘tl %" . V ‘ U* *>11 ■''*• IJ c-vj»rc* 5*i*' ** *•** »r>J1 R JQ 

~«va~* .«•**« so ♦ hi fi- * ■ a * **<• 1 **:%>''■ • r*f- 

• •• •■■c t it»a, 

• *• • r*r >f **y V - , . *>.*.. t0 

••►tp"* ir»f tbr c -wat ~*rs *n tr© .\ri<> .-f - •. «i M i >n, 

• l^ct 1*1 f tb Pt« v ' --• a 'f A La. Irs Ijwiy*?, 

ln vi '“* ** th ' HI •"•.••- «f flci »’37 af (h# c- ' ♦■•r " 10 ® 

co-’o "ad to tbs «« **» cl«aM'* bp^i r it -art •-/ r~ 

'l-r la ** *1u-< i *»rrtlon i-.ujy, it «* a *qI ’<.*1 tt.-it 
t-. 'ta -*%* *#f« *• -i y t> b- c" •i*ar«* . v© 

f» - « o ’u - !• l'eli<5«+ of co*jr*« * >t 'in** hi* fs ic 

f>® vieinitj of »f l. f r ® ^t* con t, tH*-* , , 0 e>a „ 

b m orer tft# *i*oc***1u-hi » 

^h® *o» • tbllity of ft eou*ttr<r lo* <3n» tr> ©*}. 

• r*’tioa o* th» t« m 

v*»t!f.«.ad, «©ry " -fclo a e Mol# ! i» •• - 

*« * ii.-T-t •■: *i <-r 1 •! . * -o <t' n 

r}f * ‘•’ rri '"’tlvity. r* wo^i - 1 v. . . a -’*0 

''* * ^ * ‘* ' ■* ’ * i * '• i'"'* , c^a* -••• • .. 3 

* e ‘ ,T *- • !•••'**• T*n • -ti • r nrr - .•»<! 
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• iMltMl Iff M »*• 

V*. .i — -«« tMfavl • V «rtl»l*dM -* 
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*S 

t.i sh-irt air •• „h to iu ■ wi-MiC-, t •or® t -3 • *. rtlfi** 

c a diff • re ,ce n* . erof-ra , at •'.« *214*1! 1 jab 

•'ho seif -a^r tio. ion- correct! could > -, 1 acd. 

ror pnrpo • es of Ha toloclcal tody, t* - .»r> sect- 

ions ere t^.ted 1*. t •• u* i*i *<ii* , 7 > J .* u v.^l, oO/* 
fc.c.hcl, a oaeiut* * *.c not* . c, 0 loiofort » tajjae • >.th five 
; -.-ore ir» each c **«• *ootlo:. ere t-*. p.^.c*d- la the 

(i* -Ifin bi.oi- aeri-.-. .t , -t.du»vec ■». «» - *a then 

inosdieu in rub* ri «d r r.ffi.i. I! • "®cti, >• wf "• unen 
-1 pit j ‘ : *vo Iua* . . • *red. r/ ibi* ‘ ; * tfc* iru s*~ 

0/ fiM#a lr * *ch nor/« ••* « »; -..3 

ho- ;d at fir- tr, t t- - dia»aetvr of t u fit. -.* * It, .t o« 

. :» «I .<q by t-iae of a ..use; * • . il r i.ierv —ter 

-'»t *:ii» :-rot:d u f*o-»ibie lu* to a *4ar!. /cl-r l • • 
rv ti*»u* . . rir . 0 t 1 '* It ^raion at,*< re*** f aac- 



tiO£*i< .« 



• (It I * • #1 .oil i* 

‘.liMM. )l>«t < 



<«• *■!• *4 

- « . 



A ,;h i't« .Hi* l»*» I* W *m.~. Ml — 
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i c j ’ III * U ?: 

prior to t/‘ aurv -y f t r *» r ulia .>f **’n x- ”i*»*?i- 
tal ph*s®, w*f shall »*ioe a ai * • t<4te th*- obj 1 ctiv<- f 
this study. e are iiiltlill/ tnt 'vrs® : •<? In •• exl ^ * -ice 
of • sodlun ion t.s'rnf- • or' " 1 the n-rvo -s^br-io during 
th* conduction process, fcho faitu o of th~t t r* 

*ad th< a.~nitud© of th© *s*ociuted put ••nil* I. v .rn in- 
t>*re«*.oo further In n eo*p*rir.ou h-t- •<».?: th» c irntfd 
value of the potential ^oci t«d *Ith t> la Ionic t • • r.e - 

f c * rt tb«t vexua of t. "• nitudo of t © etlo. "ot«n- 

ti. l 'ar. ich is * .» -tt r of record _n the lit'” 

it *111 be »b :;• .*©• ftently !'• ctlcr: I*' t ! r-t tloo- 

rttlc^l co.-sider.tlo .« i ic a- tn.- of 2 

ionic curr- t d^asi./ *' » result of tV •cti'- of * -»o 
f.TCca, o**e tJu result of a oo--*ccnLr*tlvn • di t *nd 
the oth-r du* to ©l^cocio*! colder. cij - rf n 
in* ot Title rr*die«it. e "ill ex-”i*e t?*« eoc»a’une; 
of th' co. it-* j v-lue of t ie ^a-ociat.-d bo 1 ** I-I * tth 
i. vi . to»-ra t) n *©« A lble correlation of this '*iJ4 •• 

1 .• rt of tr tot il io > * i**ti-..*n ot -nt 1* 1 ** i» *e~ 

0 for 1 1" i -nic curr- >»t . > A fi 1. 7 ** -> ; f . >n 

'III of eeti < . 

xn **ole • of *ctl :t II, th» cur >rj f <*•* <ted 
■ •t* i« it i» .»ot« 1 th.; r'hiri I to :, 

in n»rv a ion < • ro ?tl uUt' far • * ** l , ‘*40 n , 

jh© « in _v. r*» •< u^tnVe of f v lor -a I r t H > u j P' 
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»#. 574x10*® Ions per stimulus per cm^ of membrane - urfac® 
am. Tho series of nerves which were stimulated for a 
period of 3. *«;0 show a compare' 1© average value of 
11.05x10*0 ions pox* stimulus per cra^. In the third period 
of stimulation, that of o0‘, there is a marked falling off 
of the number of ions taken up y a nervo section* In 
this case the average value was 4.41x10*® i->ns per stim- 
ulus per ccr*. 

In graph B-L of faction VII, which represent® tho 
uptake of sodium ion per mg. of wet tissue versus the 
time of stimulation, thero is « strong indication of an 
operating force which is quite constant in function. It 
will be noted that with the time lirits of sero to 
the uptake is linear. In faat, in the case of the uptake 
for the nerve sections of the subject Bana pipiens, the 
computed values fell in so closely that no statistical 
analysis was warranted. *'ho curve drawn on -raph 
sho s a linear relationship between uptake and stimulation 
time. However, in thia case, there was a degree of scat- 
ty r to the plot which warranted statistical consideration 
of the small sampling reothod technique. Apparently, there 
is an uptake which is linear with tir e and then a ** fatigue 
function sets in, which wo shall presently discuss. 

ith reference to our initial consider ti on, then 
we note that an io. ic migration hue occurred acres tho 
eur:eco area of tho nerve and passed into the z;erv© 
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tissue to a certain oiota..C' » '© Justify this conclusion 

on the basis of control cons ideration® ursd tho experimen- 
tal result® which allow a positive uptake, in an overall 
survey, in of 28 cases. Thi® differential between 
control end. experimental sections is well defined as shown 
in the data of tables I end II of the Appendix. 

The number of stoles of sodium which have entered the 

1? 

section pe- stimulus per cn of surface area are given 
in the following tabulation, for runs 1 to 14 inclusive. 



At this point we postulate, for reasons to be discussed 
later, that the increased permeability of the e-. bra no to 
the sodium ions or the ionic migration occurs during the 
rising period of the action pote til. From the litera- 
ture we take the value of 0.4o8 race for the rise time. 
Considering the tiro© factor, the above ionic transfer 

may be expressed In terroa of the rair b->r of ion® which en- 

o 

ter the wemorane per second per cm during the rising 
pnaso. In th© following ta ul&tion 's have tie express- 
ion for average rate of entry during this period. 



van !io» 




I - 5 
3-10 

II - 14 



1.5t33xlC"J-* 5 

1.970xl0~f° 

0.7^ixl0~ l0 



Run *fo. 



Ho* aolas ••• 

per aeo p->r ca*'(KT,j:.) 



6-10 



11-16 



1-5 



S4.9X10* 11 
4 .iixlO" 1 ! 
le.o^xlo * 11 



These values Indicate a degree of constancy within the 
tirr.o limits of sen) and 63*20* with a fall off rate of 
entry after the .3.,*2 w period. The values are in fair- 
ly good agreement in wagnitudo with the theoretical 

(47) 

value computed by Hodg'cins and Kata in 1948 for the 
single nervo fibre of the squid, of 8.4x10^ ales 
/sec/ctn~. ♦ 

'f’he time avora e for the ionic current computed by 
pplication of the Faraday value of 9u,60C coulomba/mole 
to the above rates of entry, gives 



The sane values are obtainable Vy a ti-.e avera e of the 
coulomb transfe as shown in the Table V. 

If wo consider the potontial requirements of a theo- 
retical membrane condenser with a oapltanee of 1.2x10 
fa rads /era ^ with no resistance considered, th* following 
potential values are obtained. 



Run Ho. 



llli-^mperos per 
on*'' ( v .) 



1-6 

6-10 

11-14 



0.0-j- 6nA 

0.041omA 
0.0165. A 



Run Ho 



• otential iff.(Avg.) 



I- 5 

6-10 

II- 14 



12 .72nv. 

lo.tii r v. 
o.bbnv. 









UfAl.fll | 






It is readily appreciated, b 7 inspection, that these val- 
ues are of such a m gnitude as to w&r’*ant disposal of the 
idea of a pure capacitive case from furth r consideration. 
It is to ho noted that the first ten runs do maintain ft 
degree of constancy in these calculations . 

•e next consider the ease of the theoretical • embram; 
condenser of 1 . 2 x 10 “° farads/osi 2 caoacit&nco in series 
with a membrane resistance of 1200 ohraa/ccf 3 . y moans of 
equation I -c of section IV, the following potential val- 
ues, which ft r ©mb ran® condenser would have to have, to 
discharge through a given resistance value In the Vnown 
rise time equivalent, ere listed. 



the results of o "©rved and computed values for the 
second subject group, the liana cates Lana, are included 
in able II of the Appendix. The surface ar«n d*t ruin- 
ations were a .© on the basis of an rbitrary vulu 1 In 
this grou^ inasmuch ft3 the histological soctl s for . .is 
group were not ready for ’tudy and evaluation at tiic t lme 
of writing. Tlie vmlws listed In able II indict- a 
trend but i • srruch as little or no analysis can b- : ade, 
these values are < ot listed here* 



Hun Ho. 



o ntl&l Diff . (avg. ) 



I - 5 
6-10 

II - 14 



4?.^4nv. 
53.00“ v. 
21.77mv. 



In the case of th first roup of fi res, a ;ood 
approximation of the surface area could bo made « the 



4 Ml 

- . .• » , - • • • * • 

•At \t f . i* r* 0 m$ «aiv'c?«* • to* 1< •'* M 

« 

A H|»*> 9 * MM M l*lA »ilf t«*l 4* A I rf *i 14 1| 

•ur i*j**~*««v ; erwx^ ail •'! «4H» l* lan** 

.*•#» li «M BM *•41 

nii • •• • • 4 

- : 

.r.- *>:♦ 

.t • J4 Ai-i* 







* • •- 1 

VI mm h •MU 4- *■ — ■ * M ^ 

|I14 M 4*4 ‘•rM 

n W M 14 «Mfl Mil »« 



tiO J 

Sauls of .iardeaty’s thorou h lnve tigatlcn of the 
number and arrangement of the norve fibres of frogs of 
this group type, i'hla report indicates a mean of 4200 
f lores in the eolatlc trunk of the Rana plpiena in the 

00 gra- body weight ran/e with a mean fibre diameter of 

*►4 

7*0 xlO cas. These values were utilised in the compu- 



tation of the surface area of the nerve sections. 






ft .C riori IV ' I CM, i $ 



V \ "» XL' iM'I'Aa 



(A) osa .« valuation 

In vis* of the fast th*fc t >* liter t\ue report* , 

( 61 , Ml) 

with & few exceptions, that radio tion tends to in- 

crease t i.* p«r«u • lilty i\* cell nmu* rase. It 1» iec- 
eesury to evaluate t.*» possible efl ct the .evels f rfed* 
l&tlon, « ed in this ex -»ri.*e; t , md on th«. nervt section 
under study, ^rdir-nrily, »e would <s& leu late t: e ts«eret- 
ical dose * fcte-u section would receive during at i.-er- 
•ion period &od the. run contx*ol owd experiments..! aeot- 
lone uaj«r at Insulation in r.on-rciu ctlv# ar.d r* *!o<ictiv« 
solution* respectively • Any differential oh#*rv*A i* 
prr^i.ft Hit/ or conduction ehArac5«.' , lBtlc» ctuI- tivca -* 
c rrelated with the doao received >-*d evalu • *»d accord- 
In ly. 

i.wftVf i*, due to limitation* of ti e, our preewdare 
will be to calculate the • tLtmw theorem! al dose e:.d 
compare this witn the data avails -le in tne literature. 

It will be rcc&lleu that of all &a* oo -on ti* >» - , the 

•."moi tissue po«»fe*.e» the le**» sensitivity to t:<# 

( 6 .*; 

particulate or electrode netic type of radi*>tiai. 
in regard to dat* carp* rise-., toe work f vr. .*ei..2se»- 
Includes infer wtion an to th* «v* safe r*-iul , *ftd to 
effect ft ®h*m < •* % i, the pe:^ -em *lllsy of sLsU'te fiored 
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C serve* 

•24 

•a recall t**- 1 • a** on disintegration * o •ta:Xe 
kg*** will /is Id a "t* ''f 1* r.ev, -ad two -*r a rays of 

1* and 2*70 *sjv. wncnrx v»« <5! a Int •>£?***■ !«•;* Tn a th* » 
r-fciea*. do*« calculation *n ssu*t, thcrefvi*- * e« !«ulat* 
the <Sos« received due to trn two tioa o- *,-'.»rrot* in 

thw , fro** Ma**. Ara«f-ueh >»•©»• to " our 

co*KO&riflon we*#ri on t\« *i -ho# t «!■*-.# whlnh any *vo 

ccstlon seivod 1 »cy "no m , « aet*ct tn* ► 1 host 

<*luo of the activity for an/ b*ith solution *n t ei cr- 
i« octal “I* tu as s«*t fo^th tn Afpaifiix HI - . 

In rui* so* s>0, a mltlfl&rad sciatic section *s I- « 
in a bafchlc* solution for at 1 it*-# wlt< a eor*»t 
ra* ft* n: © rrsctsd f r r.*'--otry, of ,**0 cps* Ylv* ax- 
r«saloa for th* activity in altraewrlea oft’'* •! is* 

. 1 1 i ua . — ( d*/dfc i f / .7x10* 

■»'•*# ro f i t'»* eor^ootion factor for t * *o «* try, air 
path a^sorpti n I M lea window a •somtlc • itfa. f a 73* 6, 
the ctivlty bscoass* on substitution, .7 u<* :■« » •’I* 

In the determination ef thw nu- * r >f - o— t units 
w« shall first c- i 1 » do* * * *e • i v* 4 «. * »». -.lit of 

t • ?►* a **-!#*! • , Consider a • rv* sa* * i «n '• • . in 
i*n *th and !<»&*♦ i* dla-«t#r -1 &+(i & ti-o rl» tf'Jjr* , 

the t leknas of * lot l a 7 . Is vi»* »f t ' * f*ct t t 

t * a * xi*u rwaf<*» f-'r tr*« o* tat af *!'« « io Is 

- . i<i *at*r, f > calculation will • > If *■« 
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*i.«r» u rapreacnts u** ^OvtQjit * -%t . * I « >/■• . and 

*»*.!# ^. *». •«¥. k • ' . • j*t 1 ~ 

ol-s. i< tjitt- U‘>: fvo*l?»X 5/ t'v ..o.*yc ic-ctlan r«r a 

pvri^d f t JL*.<* jf O i.. it© - 4/ x> fa • « f>*> t:-« eacpraa- 
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f. ato*', ia tfi» r:u-* ♦- .f l©n *:■* 1 - f „•• *•• ;>*.« •? 

ei ■ »* r *v- ,*.,**> • t'-* •*»rty «-■ 1 • la©- 

tr«- r c it» al'« '. «•« «r Itutl* = ?rt« r ti.'n, 
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t remit iea which we designate as point 0. 

A'he folloring equation represent* th*> doso rate cal- 
culated at the surface at point 0 

TT 



hq. UV) 





~u" 

I o c dV 
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wnore 1^ la a function of the number of fa. a r.»ys omitted 
per disintegration, the linear absorption coefficients 
for Compton scattering, photoelectric and pair production 
effects. The quantity c ia the concentration cf isotope 
In reo. per »1. of solution, a ia the di tanoo between an 
element of volume dV and the point 0. The term u repre- 
sents the linear absorption coefficient of th*> bath solu- 
tion. 



The total dose is than expressed as 



Bq • (V) 



D 



•JV 1 



On substitution ana solution, the calculated ^urfi ce dose 
for a nerve section due to the ga -a componr.r.ts of the 
radiation is expressed as* 



Bq. l^I) 



c v 

- y - ^(1) jcJ"J dVdt *1.74 

^ o o 



‘oentgens 



wnere J ta&os value 1 and ... since two gasv'a rays arc 

emitted in the dial -tegr^t ion procesr . i’he U '.-i-x- d in 

tnia solution is solved by a first texma serieo aeproxi- 
^hio is valid inasmuch • lin< *. • 
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coefficient for water, in case of ■%$. a, bolus quite close 
to 0.0^ cm.“ In range to G.l to b mev. 

In sum. tiun »e calculate too total dose .»* roentgen 
equivalent physical units to -jo 1.87 R.at the surface of 
the nerve section. In view of the approximations which 
have boon mace i*. theae calculations, with reg'-rd to geom- 
etry and oeta uusorptioa, this value represents an upper 
limit. evaluation of the possible effect a dose of 

this magnitude would have on the nerve function will bo 
• iade in the latter part of this section. 

lb) ction Potential and Ionic Current Density 

It will be recalled from our review of the literature 
that the Bernstein theory of the membrane potential can ac- 
count for magnitude and si ,n on the basis of relative 
ionic conoont rations in tho axoplasm and int< ratifcial 
fluid, when these factors are introduced into the i>odifi©d 
Herust equation, fcost research dono to dare on t. ese rein- 

tiv concentrations places the ratio at a wlnir.uai of 10-1 

‘ ^.o 1 

with the .ajority of reports at higher values, then one 
substitutes this ratio Into tho modified # ernst equation 
the r suit of o3 . is obtained. *e recall that the mem- 
brane is positive with re; poet to the axoplasm. 

it as demonstrated oy ourtlas and Cole that the shift 
in membrane potential during the activity phase will oe in 
^enerul of the order of GO • v to -40 mv. i’r.i represents 
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» pot Mtial Stiff • >f a m • -it'jd# la • T • .-S 

lOfr v. ‘i the basS" of a ?ro i '-••Hi'' 9 ’’ft • ernnift® 
or a * ■ l>*-© • «ei*rar»« .-#"■•> 11 1*7 to tha 

*• 1- • l*v t*ie «rMv* -»*»-iod s t a^lst* • o** « 

• \t * .f *p-« Ms*. ' i t- - irtt me e«* *i • »• tha 

• ft#’,* MR ”»f tl - ’.*••• lc» Of i -*.1 *»oM 18 6 

o**l* for d«»t -»”»inlo i t* rot.ft.itH « 1ft. 

,t^xr- l«ltlalLjr *t *h< c **c* t.tr» ti .» -V ti** 

In io-i Sn tr*. t»t r M*i» f. •!,< 1* -fc a ni »- r valMf f*ftn 
in t*,* xtr-o-nW* 1 *«• l > -r> • rait- 

Vr r tbii «r-.nurfrM *n i** our <1* v«*iar*»* nt • if *» ..7 

to 'Ml»r only ttir c.M-*n a *4 4X<t?uda tb» ft.*i<- , ** ~ •«» 

tul.t l>2*. t,*-r* "• !'••. W SIU*>1*«t*d to t! • -rti - f feiffO 

foM •, ooa ft dif*\i*ion foro# a •! tfcu» of • r «> \ »l«c- rio 

fo-co. •« d*ftn* 6f>» • o I’ity u of ♦ * e 12 • * • «- vol- 

r*tty i:i cr/aeo of ft* '.*> a .• ■ n a f*l of ~ ' r* 1 1 *f 1 
1*7* 

vol* r*r c» . ' * p-?t • i ti * i«n v av/ax l# , '• .<* , 

t • «'-•«*** In '*»*. out la l Off 1 k , W a » ■ r,* «0« 

• a^ti l i >»fi • • « ror* •** ••» !••*•; to «• •- « •*• I »« 
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dx, an In ere ©at of t iefcntms* It is further &R»u»#d 
ta t la view of the pnyeloai cone ent r« 1 ion* of sodiu*.., 
that an oMaoiie presupe gradient exists In the su « di- 
rection as tho electric fore# field. 

♦ ho .sasotlc preaau e #r*die*fc Is -df/dx while the 
.1 .at«l» r«l ti;n for fits® iffueion force is ad**. I his 

latter force should be «<i **i and oooosite to the force re- 

( * 4 ; 

quired to prevent ornoaia. in t o vein.- considered let 
o be the eo.iC&ntr tlc.» in oles per ce. fro diffusion 
.©roe Is exerted a omax ^olea of cations and t .e diffus- 
ion force per nolo is then -a^/adx# 

rrovi&ing ^a^t n:>ff» .<aw an o« appli d in the ease 
of physiological solutions, tie part ini osrao* ic pressure 
duo to the a* ioua, . - re an - thus &?/&x *- *de/dx 
wnero li and S have thoir usual el inifica- oe* ~hu* the 
osmotic force per »ole is -f?/® a de/dx. e tl «n calcu- 
late the velocity c as orient due to the csisotio force as. 

(v c i 0 x -u/* • 'T/ft • de/d* 

*ftus the actual velocity of the e .tionn «u*t be the sure 
of the velocities duo to the electrical osmotic forces 

Vj. - -udV/dx -uKf/ie • de/d* 
if*ow the r.usoar of *oles of ions passing through a surf*©*, 
a, 1# a function of velocity, c >nc«ntmtio, , arva and 
time* ‘his is expressed as; 

dn s. -uadt l ed7 d* + *X/F . **/&x / 
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• 7 * • ♦* ao«v. *''•*!•* n, fch#i pr-cedi” *• ar-t S ■> » * • <*o* •* suv 

•xx>re«»i,>« for tho ivnio current drrsify for t>>*» .a tone* 
bq. {'mi) 

- (i/&)d-»/dt - • U l C <3Y/d£ +• dc/ttsU . 

ss 

w tcfc n f* id<* fcioal »it* t.h# ¥ £ » tS valor. <j 

l 4S ) 

by iolo ars n hi t r* air s*rfc » 

*n is equation i* , it** that t* * diffusion ft-«d fcho 

electric f i4li formas should Ml i>li»h *trs. I or. in current. 

i>«* n ua it a *»* could or u *d to de* c nin U>« 

r -v''i'tl»‘. scp;» * e—h’-*' « - ruri irr *or -in; 

b- ' v‘ ry oo; ditiara '©re <- • * . no difficulty '■ « i« 

'he dot r inn4»% >f t er.oruue Z',i<3',»8 , t Ineetti* 

‘ t*« ) 

*\.ti -• ♦ Ich i> til in t! ••* • *-rl 7 n f*H* * ran * 

O* l+d .« O r t...< r» ic L •. d iJ>< * hio* •«• » t •• p« t • < tUl 



dif r* co »oul: c l 1 to c«u eal o. 

it »<.« r t*d by t 1* writer, *;. M vl* ■* at « 

lt**r * uc •, L jet t * c rsi : t<j cic *cit« o we* « t* - 

1 1* i 

• t to *crtox*»ci*hl/ florin* 'tlvity* *f me • pt 

i, i« ldv.« of a eo.aiaut cep* cite c - avt, «*/ .ft a 

larle ’*aiia t « o t • ••ilt' ’• ->f t • **• 

* V eh s <i»« to a *. * C :• • f ao4i’J i .«* •* 

*y »e« i8 of *• • •* -»l . tiO >.•’ Its •’% •’O Hf.w 
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iu.« 1 n durisv t * p -ried of tUo ri»e >f t’ 1 *- nctl>n po- 
tential* t period f C.iod 11 less ads eabre .« cep- 

ac it anas of 1 alcro far jda/era? w-s used in th so calcu- 

147 } 

X* tlon* , *sed in value* fro* t'odgkin* a-.d — tr.* i h9 
expression for t »o potential s * fu otion of the ionic 
cur ant *nd ea.’aelta aeo Is finally expressed as. 
hq. U -b) 

1 Pi 

t s (■>* lons/t^-t^/c*^/* »t*xlO ione/bout* 

l.CuS/c* 2 

In a second co isidaration »e ay draw an a r.ele&y to 
a series resistance capacitance circuit* The literature 
given a tueab 'ane reaietarae of approximately 1200 obrcs 
per e»*. } in th# resting state* acta ! ~urtis and Cole' 
state that a a enbrane resistance change occurs with activ- 
ity. i>o»ev*r, on the basis of the wor* Curtis and -ol« 
did, this writer disagree# that this is a resistance 
cl .an go but a total i-pedenee change due to a variation In 
tbs frequency of the current of stimulation which was em- 
ployed* Pro® a consideration >t alternating current theory 
thii is readily understood since in a series *r parallel 
resistance capaclti *« circuit, the Impedance will decrease 

with an increase in the fre 1 aency. Th' 'rlt.-*' tend* to 

159 } 

take the view expressed by tober the t the pi **'*a •«**- 
ferine offers a gro*t resistance to flee of electrolytes* 

The writer postulates V • ref ore fch^t the Ionic flow shall 
be rog rded In a d*o. sense with a mlnlamm emfvra&e re- 
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sistano# of 1200 oh 

«©natdrr a condeuaer in « rid# with & par® resistance 
element S where the ©apae ltar.ee La# a value f 1. xlo“° 
farads /ca 1 * and R equal t® It 00 oh T s/«a“ . •»» desire to do- 
teraine tae voltage required to dlsoh rge t e circuit in 
0.406 aillisec «h«A a given ob*rgt* la transferred. hi» 
reiatlortBhlp la re d:ly developed fro* a «o. alderatlon of 
the well known equation; 

-t/ftC 

I S dq/tffc * tv/R)o 

era* upon integration within th® limits of b\ ana t et the 
result s; 



4 





cr. 



-V\° 

i ) 



- cvu-« 

and the voltage required will be; 

liq. (Ia-o) -ti/*»?C 

V - ./C(l-a } 



‘’hen proper substitution has been -ads with a value of 

*»4 

equal to 4 u;j6x 1G #*oo ,d , «~ttiws lent >f t ;© rise 
ti»e «f the aetion. poterilial, with th- eforr a; . 1 ■'»& K 
and d values, the following relationship f,~JV*r-Mi. 

V sc - .70. /t 

{ T ) Computations 

The required * v.lue in both cases -uajr e r. *ditg av~ 
aiua* ed hj* the folio in" n thod. Tht* procedure whio'i was 
folio ad' in the laboratory for the ^UrKi^tl^ of the 
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rvunbor of e odium iotis. w.>lah transit tne neRibrane «: ea of 
IosbK p*r stimulus has een out Hired in set Ion IX. **« 
now define the tera-s wniah will o# used la the final ex- 
pression for magnitude of the sodium traxrsfar. -t ■ 



{ On/iit ) tj the count rate of the 

servo 3 ftsspi® at tl.»® tg# 

idn/at)j| the count rat® of the control 
n^rrm a&srple at time 

^dn/dt)^ the count r*te f l el. of Ue 
radioactive hath eolation at 
, ti»« of t 7 * 

• ha ti*e of reference shall be that tl^o at which th© 
stlaculatl ns of the nerv- section were termsin- ed for *«ch 
experimental run and designated t 0 . *hu«i 

(ti-t 0 ) the tine interval for detenwlnati jn of 
the decay factor, where 1 ^ay taice 
values 5,0, 7, 



• th® correction factor for radioactive 

decay where a ie the decay co v» taut 
or probaollity factor. This value 1* 
srultlpilod into nil count r - te* to 
compare than at the refer®; ce iJL.e to 

c *hc wet ol ht of a control nerve 

•eetl n in '.3. 

#* The wet weirht fa »il*ul ted ne^-ve 

section in • >g. 

«Ay he total surface area uf the n r/e 

fl r«» In a nerve section. The product 
of the nArib r of fibres, \un fit re 
dias-»»ter and section ' #n *ih. fhus, 

*Ay ( fibres) (TTlSl) 

» g ^fce total .mb* r of silvered 

to the nerve sect lor. via the el^etv &*s. 
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'or <?*ae >f oa.'.dtin ii * e u 1 . -« a..,li "*ll t © 

-or reet I© n factor fo e*> co<*nb r- t» for t > tl- ul d 

• rv* section for t e eo trol loctior. rul the 

fact r for % j# -th solution c *u.t ra* © t ^ • 

(*a)v^ e m»\ of sodium ion# t-maaftfc 

l>e? -.1. f 'lath #'l-*tion. 

2 ho of so*iur> io- s &->o- ti by fch* c*‘.r«l 

•action p r >t *•+ ti#* >**» t* #x r»*#»od *• , 

.. { ) ( <« /<it) 4 f g / (dn/dUy. . c 

hll© the .►rVr of a ->di loti* pr#"*ut in t2> •-tinul ted 
/m a«ctl<<& upon eoapl'tlon of tlv* min will *. f 

H* {' *• ) { *(dl/dt)gti^/{ 1 

fha -otrb-r of » io' a m lah srv a »or 0 p« t* * surface 

of the #ti£RUlftt.#a eotl . are seen .#d to b* e**-* »oio on 

*. weight oaai#. or •*rv«a of e© p*.- •• le * auah as 

♦ t'.w atlsailatad a: id eo ’ rol • oetlo- » ttm in fcoi« -*#•, 
t^JL- -adaption is Ju tified. i.*e*-, if •* c naiaow u a 
t « volu. • density ©f rv© ti "ue, t • o»‘ « •••rv«* 

%»jtivn ie, 

* (b^r^i.) - • ^r.U'Tx^) = # •• ■ <•■» 

d. 

a d eince t‘c*> a*l#or»*ti *n la a fu sties. *f *rt%< •* «r«^ • - 
ail a*r. r facto * actl- •v© l y# *w ♦•tluly 

•ay *'*at thr * sarti ! i iono c » t.»' L* in dir- 
ect proportion to ti** ai ,>t >f a erv »©r_ • . . t .1* 

.-•la* t. n n« o« r f odiuit !«*• j i"* i i u- 
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lated nerve section esey be expresrod a«s 

iq. (\IX) Oie)^ .(dn/dt)g.fg* 8 /(<3n/dt)7*f • 

The final express ion for the nu. '$•••'• if aod!’.- < lone 
which transit the nerve ir«*br»ne p>r cm 3 pe~ stismlua la 
as follows: 
q. (XIII) 

(K*)^ • £( <ln/dt ) - (dn/dttijfg !*/#°] /{dn/dt ) 7 f i* 

“he data tabulated in etetion VIII L-C w a "aloula- 
ted on the basis of the forgoing relationship* 



a n n A . i> -oih. ti <.s 

The question nay veil be raised as to the passible 
effect the beta and gm a radiation of tie b.- tiling eolut- 
ion hae on the nerve section under st isaulatioa, sad • ighfc 
not that radiation be a factor pertinent to tl-w ro-ults 
at observed and confuted, fnie problma nay be ai s we red 
in consideration of two points • The first p- »lnt is that 
a eo ,trol nerve section was 1st arsed with the section un- 
der stimulation for the sane period of ti»e and subjected 
to the sasre radiation dose* Any eh r.g* In stafce, due to 
an Increase In Bssssbrsiie permeability, won Id r* f i«ct itself 
in the control section ae well as the stirul*t*.i « - rveas 
tissue* Hie second c *sidoration Is t r, *t »lf r».f*rene« 
to the low degree of sensitivity of nerve tis ue to - ny 







*Utu .«• 

V*- 1 ** * xV •>*■> | * vr^> 
























to 

form of rediati particulate or elootr* • gnetio • *a v- 
idc-nc© of this we refer © the work of *•<*♦ U. a. '.©then- 
berg on permeability eh*.r.ires in nervous tls u« as a result 
of irradiation with /.-rays* Re found that at a doa© of 
&Q,0C0 roentgens there was no statistical t igrtif le&noo e- 
tween the uptake of control and experimental tissue* e 
had to increase the dose to lhb,000 **• before there was 

any statistical slpaiflcan©© between the control and the 

ibO) 

cxperiirefitttl sect Iona. Raen these doses are earpared to 
the ma x lanes upper lie It valuo which was oorpufced in 
beet ton II, there is little reason to bellow that the 
radiation fcsd spy significant effcot on the perweaoility 
oharaoteris: ler of the nerve tissue or any resultant 
affect on the results which have been attained. 

From an analysis of the computed end observed results 
of this experirent, the initial point of Int^xlry 1* fairly 
well est bllshed. fhmre is little doubt that a sodium ion 
transfer takes place during the nerve c© (auction proces » 
ith each sodlus Ion •© have an ae«ooi*.ted eh»rg® and on 
eons Ida ration of the tiae factor involved, it follows 
that a current exists. 

fh* point «i*ht oe considered as to the ..arricr effect 
which the sv/eli • she.-th might exert on this ionic transfer 
and in particular, in this ease where mitti-fi n e<l nerve 
wee employed, the barrier effect of t->e co active tisou© 
matrix between bundles in a trunk and txi ..ddition the on- 
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ax 

i- Rearms r of t..e fibre bur.dles, ±;\ ti l r <* rd, t cnpr and 

( 61 ) 

lu telle ve on the fcuaift their t»-v»stl rttione that 

eofii.ectl** ti »rae dues preeert -i.% eff»cfciv* diffusion 

arrier to no Ion taijr tion. However, ..o rente do . o 

U.e) 

• L-i'* with r. r«4erv ti'i.s* 

* it 1* niff leu it to bedieve the' the eouiaet- 
lv« tissue sheath of fra^ '*r bull frog n«rv» 
could act aa on effective diffusion barrier 
that would delay for any period of tine the 
penetration of ion* into the nerve.” 

•hen one *o*-aidero the Ionic Taolus of too «a los , w ieh 

is approxi -ately 0.J5 R, and th clearance# of the 

strove of c >- , meafclv»i tie uc which ’-ay ell he hundreds 

of tltses is. ger, one is inclined to a'gre«* with defto* 

•v«r, judging p*iroly >^n th- ’© • -trlcal oei.tlderetioc#, 

there in tour, ho exist a partial barrier to renet ration 

•>o -at ter ho# « i-*ht« 

ith r* foresee to the - <r*br# so s<- rroundinx; the 

fibre, fc».e ait '^fci n. is all htlv reodlfi d* arm it* tmd 

( 6 ^, 5 .) 

iat an h«v- ir.v stir* led tn* erve « ho fch by ~*eaus* 

»f diffraction studies, -th* fi di ra of which bear* 

on our probl . / i. eb«*»th is Mali v-»d to r c rosed 
of layers of »lxol -ii Ida * rapoed in a a ex ',rlc > n<*r 
ubcut the axopia#- or c Uvil «ujr lia*v»*, it i« K eli»ve4 
that proiei*. eienenfc .*it* r ;*ie with llnoi * io-llea 
lay# for la v er, and t»4.t the protein a»sd 14 Id is in & 

• ieell# forr*. with b definite oriental Ion in a r?diul di- 
rection . The e^u.torlal ep»cin^ I a id to he on the 
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o o 

or*o“* of 17 A and the i» ristianal speei.-'#; is about 5 •». 

n purely '“ec >r, ct~l'.*sl t* fitJUr tl^n, < r 5.r rc t >*”c irg » charge 
-x the rcrbrare, »; r toss nf j ■* r xnr fcould hare little diffi- 
culty t**ftna itlrs^ tn«* tseraorane with bone tts* sa* e ease as 
& »,e shall ,-o iii*f tk-ou .h an open w'r.daT, e t hleknets of 

t ic erv© * or b nano w ill, of a sups®, vary *ith pI-** ont 

the literature often quotes the thickness in U.s ran'© of 

o 

100-170 A. 

It trill o« recalled fr « -eetion I, that until the 
year 1040, the ra grilled© <>f the renting potential we a 
thought to li~it the n&ryiituda of the action or *?!•>:© po- 
tential* It t» believed, end this portion of the theory 
I* still considered valid, that the oo esntr ti-r of int r- 
.•»! end external .otaasiu was rasp©., si :* for rh r* titg 
t* •v-ntUli the - igwltuie of «Meh, for most ituiioa, was re- 
©rted in the vicinity f 60: v . Tr« pot ril y of tb j po- 
», w»'t ial »i* each th»t the .erbra>,e e«*a p>*Hlv* wit'! ref- 
re ce to the internal ixool "> in th reatl««< at* t« . >.8 

• en In A- of the • icji*, or activity, the 

-«• hra.,e not only •:«> - t-> sero, it passes t-r^a-'h and as- 
ftu .*» a ft* pet with -• ■. »-»eat to * . * in -r core* 

* 1* rh a • hi ft !«■» to* ub with e^.e IQ' mv to oeount for, 
fills it quite evident by initiation of a ref-rjateaetisr. of 
t!i® spike potential »hic ^urtla and ‘ole ooeerveci in* the 

p aid single f i -© riant axon l«t»v *1 end i iter: el aet un. 
-he idea of ©tassiu leakage froc. a fib - * u« own 









| IIIM PM **» Wt ^Kium 

-f^ mrn f MH«H t»* Wl ,IWI ‘ If «M 1»V' fM , W ****** 
-«f 41 It |4Hl4l 41 *W M ^M4Mf 4* *i W»H 

r . -i. 




.1H **»• i • • <11# *• « **4 JUfl .lr-1 

1 m *r* t M fi 44m *«Ui «i HtT* 



m limn# «4t ■tifmjti H mi 



-tills le 



s M 

• 'ey < any oha ^v* »s thro*, h vf»«* /«rS . 

!:• a up port 5 / ta* ?®:.bra t hyr® i ileal* a *> • it* 

.... s’i •..>% ia ti H i - junto cc*fc*®-n»r. ion in 

" • xt*r*r,al eoleLIort vf th® ..ot»vo ’* < r islted In * 

. r ud a? t.as .*$*i i'M« of th. »«v i >*> ,-j.« ;tlftl 

it ) an InoreAS* U:» ext • r * a! ’ Q~n* 

«»ver, 1th tfc- ph-se r*t»iF i**»l and tha a nttvde of til* 
action pat < ntl&l to ha c~ .3id*r*i3 5i r » ortrfi aX •* a^oran© 
yp^thafci* fails* 

n® i*av rs*l of ti=* •« e*iie pot«*T.fcl»X a**. us ox- 

ialned n fchu .-aais >f the - o<iw» % ••tu«..i» *• AdVK’hmd 

(47} 

-*. o-i, rln a.O it la **'vred t^&t In il® rating 

st-t®, t ■.« n®rv« * enhrane 1* 6«laotliff>ly p*r *•’!* to t 4» 
>.*• aaiura and r«v„ to t’ © Xtdiur. Ion. -yurin,- cLi*ity, 

• !•*• a®l* 2 ‘ Vve n rare olllty *hift« tth ta • « ?r® bn- 

o p r •*.Ole t-' t 3i*r . :hvy sup o;t t’.a lr 

t • « is 1:. 11 t yf wscri'.., ;ni 'i • ©i« <*y u v i»t tiem 

# t • ®xt®2‘'..fcl ■) *th 8uluti^.' ca o« .t ’ ••! f dlii , th© 

' « * .♦'tl. of t‘ • all -i ■• ut 1 • 1 • - * ro- rtio •• 

•O* h#*.'- 8 latlv' * c t* i \ ■ • n • o k .v,lua 

20*c?snt at ion »«• ® & 11 *>* 1 *- >• *. fvu- d t;-a 1 olutlon* >f 

1*** ilu*n O •' t • -’loal lit-. = 00 r '»nt: " lw eta««t 1 
t . •< -i\X' oh* -if the r* v • »en not rtlsX to » *e. » .■>%•> » 

• i^e, t • haignth jf :'•• action p »t ti-1 •'■v - - .ic& :;/ 

a. Ir.ceaase of tho . t * concur traf ion • 'V*f t*'* 

‘ r." th«* r suit® of r-*«ir mark, it i» i*.4ie«*tlV'. t -t the 
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Sod luxe shift hyr.othosls af a good f>sw< fc&&l”n* 

*ho experimental phaa'a of thie research e\s • *v>et« the 
work of H»d,»Scln« uud -at.* l 1 . that a defi it© i -nic trans- 
fer 'a# xoteUl* ‘’-c^oveT*, in the problem of correlet in#| v a 

uagpsltudo of that cran&fer it wan r>.c a»«ry to dr^w tho 

•>4S) 

pas'siiel in electrical circuitry, folio -lug ^oiee lead* 

■it i& fully realised that any explanation of thi* type la 



certainly no- 


unique nor should 


it 


w r 


be 


*o c*. aide red 


in biological 


c xpe r 1 n*i..t - 1 ion. 


It 


*u; 


be 


*'oted la 



lab lea I erd 11a d In the ry of oore~ut«d d* ta of 

tho appendix, that th re i'i so. fo^e funetlar , e rljajsa 
not fully or euapiately defined by our • or un- 

bereta-di n;, at ^or< within certain 13 « 11 nation*. «ha 
• ritK * pw^fl '.*ith ole to the extent CM »h*< t * prob- 
1«* is t ran® fax-red into tfi/aiaul theory f electrical cir- 
cuit* »« have ut lea^t a »e Unique f«vr n-thr a* an- 

alysis • 

In our c«ae *« fir 1 applied the ?-•** *»f -4 
of sure capacitance a .d iegligibH r**.t»U s« . t -*»n 
nMeb fro» the aoatputed Yw.ues that the a. «•*" • a ■ ot 
here in t*.« .-.itude at Irest . wo " raid -'*? V •» • ©«!#- 

t* ce en'raettanoe circuit, the -a nitud* of t’ e c *~ ut^a 
vniuoa C' ^c closer to esired '"ill ode. 

The p.int srirht well be as to why th* rlier 

• «’<? the »ssejKption that t,h» **odiur l~*n f<e a« ff tlivi 
to certain ti»e Hilt* 'ueh as fe rise iSm* f *■ •> oti »n 
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potential .The an* war can ba had on the baa la of Hodgkins 
and Kata* a work. Our objective mi to show a magnitude 
correlation in view of the assumption that an Ionic curr- 
ent does flow during; the riss tine period* M*e writer had 
to stake this assumption for computational purpose* . How- 
ever. on the baais of the secibrane theory It does logic- 
ally follow that this transfer would be a function of 
time. When Hodgkins ar.d at* shown At he d«; endenoe of the 
magnitude of the potential reversal on the concentration 
ef the foditna in the bathing solution. It followed that 
an agent acted during the period f row the aero potential 
value to the Maximus ef the negative swing, the tine 
which is called j the iespropor term "rise" time. 

The exact nature of the eehanisa -f action of the 
-eabrane selectivity la not too well mown and is in con- 
sequsnes, the subject of tsuoh speculation, ^anlelll and 

(t>6) 

others have treated this matter in great detail. There 
is no doubt in this writer** mind that met a >olic function 
enters into the picture at this poi.t. *any factors 
pel..t to this, such as the affect of low oxygen content 
in viclniiyoof an active nerve, as a result, the action 

potential and conduction velooity fall far from normal • 

iM) 

In addition, there la the work of thanes ®t ai which 
shows an adverse effect on the resting membrane potentiwl 
when the nerve is bathed in n solution ecm v aiding vsta- 
bolie inhibitor*. 
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It has been noted earlier, as shown by curves 
and (b), that there la a reversal of the sodium 
shift mechanism after a certain period of time* In the 
case of the nerve section# frjsn the subject roup of Sana 
pipiens this oo ettrred at 3W f 20", and in the second group 
’tana eateshiana the results show a decreased uptake and a 
lowering of the ionic current flow after 16* 40* 5 . It nay 
be pointed out that the only two eases of *ero uptake or 
negative flow were computed from d&ta from runs of bC* 
atiTOUl .tion time* it is evident from the result# that the 
uptake end ionic current fall# after a certain period of 
tiu«. Perhaps the concentration gradient suffers a sig- 
nificant change during long period* of stimulation or pos- 
sibly the metabolism of the nerve i* suffering from &r« un- 
balance due to a disproportion of ions* However diffi- 
cult to describe, some fore© la operating and a reverse 
odium ehlft la apparent after a c rtain time* 

If w© considered the possibility of a menbrane induc- 
tance element a was proposed some time ago by ole, in 
order for the relationship, 

Ldi/dt-t i*q C = 0' 

to apply to a situation of a non oscillatory case. It 
would require a parameter -elat ions hip of t^e following 
nature* here Jt/t, would be greeter In isacniiu > tian 
2/(LC)^» selecting various value# of’ cm, ran « resist- 
ance which w© might consider, for e capacitance value of 
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l.ExlQ*® farads / ch 2 , we would have the following Induct 
anc* requirement* * 



Rf.»iotsin«© in 
olsca/o*^ 



Xj»dwet**ee in 
mllllhenri as 



1000 

ftOO 

2'b 




..owovcr, the Idea of a raeabrane lnduotar.ce decent la not 
toe plausible in view of the constituent* of the - ■emorene. 

At the present time, Curtiss and Cole treat the raeoh- 
anlsw of conduction on the basis of tho circuit analogy. 
Kof erring to i'iagr&s; /v-d of the appendix, it is imagined 
that the nerve cell ~ets . rar.e i* composed of a aeries of 
circuit elements a* shown. During the resting phae all 
eonde tears are at the aasse potential and there is no cur- 
rent flow. hen for any reason, the - »s sm* peccabil- 
ity, which i* the * re* 1st unco of the electrical circuit, 
-•w tho e- f of unit **a b change*, th n the eoudtraer in 
this unit will discharge* ihe adjacent condenser -ill dia 
charge through the external and internal resist -nee*. This 
ill repeat itself all along the nerve fi *re r-sut.fcin-' •*» 
a conducted impulse. ’ oth Curtiss ad ’ole depend on the 
^tabolic funs'l'Xi to re tore tho er^rw. to its resting 
• ta a in the came *•* or a* ww «•<. tieaed «• -11 « 

In closing the discussion it m*y « sal that the 
findings of this work support the .y pot heels of ;, '-3dt T tln* 
and Vats with reference to the fc odium shift and its correi 
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fcttii the •: * Zlitu 9 of u£ - * 

»*hil© the Wiuta of ( • • ca® utea pole * I-*.* 

fro* the %nailOi^ 6raw. on fch- o si- cn m resit.' . ofc 
esxMeitunoG cir^ul io not approve** the ■ 'mu' , ». * . v 

**5.“ itu.le, t^s*e is a »tro .$ nvferft aoe t *>„ «* .-^r-. -t- 
ricaX-y sisil^r’ olo ;jy*ioal p'.i«*o* 3 enoiv i» ,'a >tiv 
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4i «or-*felatT coasia* raSlona •’raoto * ... •5-'. ice of 

. .. ' x ic t © o.«* » i" ^-s®. .1# r «» >me • ic:. iseoAr- 

.ie« t«o . < -wl -is civ.ti •: « -*f t *•'-«* c«tl •* a 
•••♦■..it of t' i •cti’4 cf a dif l ••* r»- cc » «... •.lee trie 

f i* t <J .f rce . 

r .e li l< ri»C 7 of fcN» bon^iein -♦T-brau** theory of 
■ -• vr '■»«: I'i ti n "O'* a* ■ r been ©or— ©ted by h od- 

if’e • * :* m/i ■cc- b. - '«ifs a«*o at-' %t ex Lai--. tt.e 
.< • •• -r ...C t • ••••.ilt'iie of t « »c* l. 1 ti&l 

••• nv* » . r • • * '•<•. •-*>» i •* 1 . tc t« * •>!<*«• iv®- 

\j - *••. -■ i c to -o*-*ee‘i*o !•$•- i » .<1 tisT) i-t •• 1- „o t- • 

• < H . • . •rt • t «o*ivit7, it i* be.toved 

Uio •••'-ctive *->• r~ • * 3l tit.i of tru- ?«• rv* ci br^'i* ift* 

• • . r * • ' i- • :•♦ •> ifie • in*. r < I*. • r*« 

• - ^ -r.„ *- ti-» *• :r t * *»■ i* of t< i f •■• 
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subject group, in til© irterwl from 0-' *20 , t* i< cur- 

c 

rent ever - »ed c «0.*7fiau*/em * 

4* hen the mwhr-r.e is considered *s a simple e?v - 
denser circuit with ne^li^lale resistance, t< ay ? g# 
potential difference, computed on char •• eapaclta .cm 
relationship for the first subject group 1-. th- tine In- 
terval fro, 0-4. ’20* , la 14**»7rav* 

5 . hen the aembra ,e circuit is considered as a re- 
sistance capacitance setup in series, the aver- e uotont- 
ial difference, co-puted on a rsiatanc® capacitance and 
tire basis, is fox* the fir»t subject group 5... 97 

Cn tno basis f this oxperl- ental work, the follow- 
ing conclusions are reached 

1* An ionic car *ei t does exist aeroe* the e~ brane 
of the nerve fibre during the conduction proeee* as pre- 
dicted by Hodgkins and Cats* 

2 . The r^te of entry as deteral *ed by these Imres - 
tig- tiers was calculated to be 9x10""^ ioles of a./ew^ 
/sec during the rise period* this is in a^rcarent with- 

*» 1 'l 

in a factor of 4 with the theoretical value i 6*4x10 
s*ole*/et '/s»e * computed y -o *-eta« 

* hiie the pot® tlal eons id* rati w* of a {•«►. or«. ne 
resists ce capacitance circuit yield o*ly - s*. eeitial 
value of 6t,.97r*v., only half th»t required to e count for 
the jsa pxltude f the negtive po-tlon o th* action or 
spike potential, it is fwit tfcut a par* •trle*»li^ si -liar 



biophysical ays tana la in ope v lion* 

4. Iroa the data obtained, there ie an indication 
of a sodium shift reversal after a certain stimulation 
time and period of n rvous activity. 

hll points considered, these findings support the 
proposed modification to the otahntme theory as advanc- 
ed by Hodgkins and -at r . 
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SECTION. .Tin.. APPENDIX 




DIAGRAM A -I 



PROPAGATION OF AN IMPULSE IN SINGLE NERVE FIBRE, 

ACCORDING TO MODIFIED MEMBRANE HYPOTHESIS. GLASSER (47) 
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DIAGRAM A *2 



CIRCUIT DIAGRAM OF A SINGLE NERVE FIBRE CURTIS 6 COLE (46) 



71 







UJ 








z 




cr 

< 




< 

cr 




3 




CD 




-1 




2 


2 


-1 




UJ 


CD 


UJ 

o 




2 


3 


cr 

UJ 

»- 


a 

3 


—I 

-1 


CL 

O 

I- 


z 


-J 


UJ 


> 




U. 


o 


o 




CM 

cr 



CM 

cr 



CM 

cr 



CM 

cr 




o 



UJ LU 

z z 
< < 
cr cr 
cd cd 
2 2 
UJ UJ 

z z 

O _l 





— CM (O 

a: cr cr 



DIAGRAM A -3 



MEMBRANE RESISTANCE E MEMBRANE E.M.F. 



LONGITUDINAL SECTION OF M YO LINATED NERVE FIBRE - HISTOLOGY, 
LEWIS a BREWER. REF. (45) 
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DIAGRAM A»4 



73 



TYPICAL ACTION POTENTIAL OBSERVED 
ON STIMULATION OF MULTIFIBRED NERVE 
(SCIATIC) OF RANA PIPIENS 



(-) 




TIME IN MILLISECONDS 



DIAGRAM A-5 
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action potential of single nerve fibre 

GIANT SQUID AXON: FROM CURTIS ft COLE (13) 




DIAGRAM A-6 
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GRAPH NO* B-l (a) 
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3HSSI1 3AM3N dO HVUOmiH d 3d 
Q 30 «osav ( 9 , 01X9-0) SNOI VN dO ON 



GRAPH NO. B-l (b) 
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UPTAKE OF SODIUM BY MULTIFIBRED NERVE 
SECTION (SCIATIC FROM RANA PIPIENS) 
VS. STIMULATION TIME 
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UPTAKE OF SODIUM BY MULTIFI8RED NERVE SECTION 
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SHIELDING AND ASSOCIATED EQUIPMENT 
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PHOTOGRAPH C-3: THE NERVE STIMULATION PLATFORM 
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